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A note on measurements 


Although the flomans imposad a standard System of vreights and measunes 
across the empire, severaJ different sysíems had existed in the Greefc worid, For 
example, the Greék foot, subdivided ínlo 16 ‘daktyls', has been found to vary 
between 27 and 35cm, dependjng upon the geographical región. However, an 
intenriediate valué of 30,83cm was widaly employed, and may be deemed an 
acceptable average. The standard foot of the Romans, by contrast, measured 
29,57om; It was simllarfy subdivided into 16ths (called 'digits', the Latín forrn of 
the Greek 'daktyls'}, or into 12ths. 

For neaders of ancient engineering texts, the diffículty hes in decidí ng whfch 
System a particular author has empüoyed. A Greek like Athenaeus, writing under 
the Román regime, wül naturaHy use the word ‘daktyi'; but does he mean the 
Reman digit, or Is he realíy using Greek daktyls? Any resulting maccuracies will 
be minimaL 

Greek measuremants: 

24 daktyls = 2 spans = 1 cubit = 4S.24cm 
16 daktyls = 1 foot - 30.83cm 

Román measurements: 

24 digits = 2 spans = 1 cubit = 44.35cm 
16 digits = 12 inches = 1 foot - 29.S7cm 


Dedication 


/fague sgo msx/mas frrftnffaspoe pamnt/büs ago atque babeo grattas. 
(Vitojvius, De sfchirecíura 6. praef. 4) 

Artist’s note 


Readers may care to note that the original paintings from which the colour 
piafes in this book ware preparad are avalladle for prívate sale, The Pubüshers 
retain all reproduction copyright whatsoever. All enquiries shouJd be addres-sed 
to: 

Shan Delf. 7 Burcot ParK, Burcot, Abingdon, Oxon, 0X14 30H, UK 
The Publishers regret that they can enter into no correspondence upon this 
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GREEK AND ROMAN SiEGE 
MACHINERY 399 BC-AD 363 


INTRODUCTION 


T he ínrtiíicalions aroiind Meditcrraiieaii rihrs and towns in rlie 5lli 
and eiuiy*4tli cciUiiries largclv Luuk die i’orrii ot a 'gi eat rircuit\ 
The eniire nrhan area was enclosed by a walI» takiiig niaxinnini 
advaiiLage oí Lhe lerraiii by íüllowing high gi tHiiid or coasrlines; ít)wei s 
l einforced potemially weak poiiiLs, such as angles and galeways. Surh a 
perinicter olten rail lo cxtrcanc* lenglli» bul ibis poscd no chawbaek. as il 
was not iiUciided lo l>e coiuiiuiously niaiincd. If scnirics ideniified 
eneiny forc es niassing for aii aitack, tíie relaliveiy sliorl Unes oí conimu^ 
nicaiion witliiii tlie cirruit nieant thai defensive efíoris couJd {juitkly be 
coiiceniraled al lhe direauaied secloe In ackiition, by iiiilisiiig iiaiural 
defences as far as possibie, tlie 'gi eat circuii’ deiiied tlie aitacker llie use 
oí overvvheliniiig nniiibers and Inreed him lo negoliatc dillicuh Lerraim 
Properly deíeiided, such a íoi tibcalioii was inipregiiable, in die absenre 
oí s i e gt‘ t e c h n t) 1 ogy. 

in die ancieni Middle EasU the Assyrians had been adcfX in (he use 
oí siege maclhnery. and tliere is soiiie evideiire ihat their IVrsian 
descendaius niade us(‘ oí lhe baifeiing raiin Oi’couise. il is very likely 
ihat eiiLet prising VVestci ii waníors vvoiild soon have ciisí’ovcred die valué 
oí a stoui iree tmnk in bursling opeo a gaie. l’he histoiian Diodenus 
Siciiliis, uriiing in (he Isl cenuny B( k believed thaí Peric les had been ihe 
firsi (heek Lo use a baliering rain, during the siege oí Sanios in 440 B(], 
His engineei; a eeriain Arieinon, liailetl Ironi (da/oinenae in present-day 


The western fortifications of 
Messene. The rambling ^great 
cIrcuitS datíng to 369 BC, 
endoses the heights of Mount 
Ithome (to left), and tollows 
ridges of high ground to dis- 
courage attaokers. (A. W. 
Lawrencei, courtesy of the 
Conwav Library» Courtauid 
Institute of Art) 



















Turke*v; wlicic hv iiiay Imvv liad fxperitaK'c oí 
IVrsian machines. 

Nevei'tlieless, hesiíles ilic S[3arlan use oí 
baile ring nuns at Piaiaea in 429 BC, whicli 
were etíec livcly couniercd by the rleíenders, the 
Greeks ol llie later-5di ceniury sboued no iniere.st 
in siege-inachinery. The inadünes i méchanai) iliat 
rhe rontcriiporaiy histoiian Thnrydidcs ni en t ion s 
al several sieges oí llie jjeriod ajipeai^ fiiostiy 
To have been assanlt-ladders; llie only gliiripse of 
anything more rínnplex is provided l)v the 
ingeniüüs flameahrowing de vire ihaL the Pelo- 
{íonnesian torces ivvice siiccesHÍully cmployed 
against vvooden íortificalions. 

Al aiIV rale, sopliisiicaied siege inachiiiery íirsi 
appeared in the classical world in llie hands of rhe 
tiarihaginians, a people vvht) naced iheir ancestro' 
tiack lo ihe Middle EasL In ibe clusíng veáis of 
the a til eenruiT B(', thcy deployed wheeled siege 
tovvers and battering raiiis against a sning oí 
Greek lowns on Sirily. The experience prompted 
ilie ruier of ncighbounngSyr aciise, Dionysiiis b lo 
iiivesl in bis owii siege-lrain, so he assembled a 
skillcd vvorklorce fioni all over llie Mediierranean 



Bronze head of a battering ram» 
found at Olvrr^pia, where it wes 
probably dedioated ámongst the 
spoils of war; the decoratíon 
suggeste a late-5th-century 
date- It would have fitted a 
ramming-beam approximately 
22ofn hjgh and Bcm thiok- The 
vertical btade, flanked on eitber 
side by fíve triangular teeth, 
was perhaps designed to cut 
into mud-brick. (Courtesy of 
Deutsches Archáologisches 
Institutf Athens; neg. no. 
Olyinpia 2S00) 


World and, by ihc year 390 B(^, he possessed siege 

lowers and liatteínig rains, aloiig vvith another weapon flesiinecl lo plav 
an iniporlaiit role in siege waríare: the catapuh. 

Large and coinplex machines wonld have been cosily lo constmet 
and maiiUaiin and almusl by deliiiilion were only required by exjjan- 
sionist p<mers. So ii is nc^t siirprising that they virlually disappeared 
for ai) years, hefore re-emerging in the Macedonian arinies of Philip 11 
and Iris son, Alexander ilie (ireau üii campaign, Philip was accoiii- 
panied by eiigineers, one of whom, Polyidiis of Tliessaly, allegeílly 
deve I o pcd d i t fe ren t ty pt's of ha t te ring r a m. 1 h e sanu' t' n gi 11 ee r w as a Iso 
rememlíereíl as the hiiiider ol a giani siege lovver (h(^lfj)uíís} ai Bv/aniium 
during Philip s siege of 340 BC. yVlexander rourinely utilised siege 
machinen; and several ofhis engineers are also known by ñame, empha- 
sisiüg the esíeem in wliicli they were held. Iiideed, a pujiil oí‘ Polyidiis, 
nanied Oiades, was known as 4he man wbo took Tyre with Alexander’ in 
332 BG, 
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lOth-century manuscript illus- 
tration depicting a rudimentary 
flame-thrower. Thucydidos 
montions a 'machine'^ that 
ccmprised an ¡ron pipe linking 
bellows to a cauldron, and which 
was used to destroy the wooden 
fortifications of Delium In 424 
BC. The maehine’s appearance 
at Torone in the following year 
threw the defenders Into paníc- 
{C- Wescher, PoHorcétique 
des Gnecs, París 1867) 


4 















































The hetteririQ fSfn in its slmplest 
form was a beam carried by 
many rnen¡ such as this example 
depicted on Trajan’s Column in 
the hands of Dacíans attacking a 
Román fort, It seems to have 
beon conventional to fashion the 
head in the shape of a ram. 
(Author’s collection) 


Fort un ale K, laier writers 
llave pieserveci details oí 
some of lile itiarliiiies 
desi^iiecl by llíese men. For 
exaniple, Bilon, wriüiig al 
Sonic time between 23! 
aiiíl 133 IMa, ciesciilies a 
siege tower btiill fbi 
Alcxander by a Mace¬ 
dón ¡an eiigiiieer named 
Püsidoniiis. Bilon Laíinoi 
llave knowii rhe niac liine at 
JIrsL liand, and innsi llave 
drawii U|jun an earlier 
sonrí e, [>robably a treatise 
by die eiigineer hiniselí <h 
one of Ins pupils. Tlieii 
diere is tlie case of Vie 
Imilis, vvbo cuniposed bis 
ten-ví>lnine work O// f/rrlti- 
ff'fhnr (¡)r mrhifedum) in 
Augusian Ronie (C. 25 BC^- Mis section on siege machinéis is slrikiiigh 
similar lo Athenaeus’s trearise Ou mafJúnen^ (/V/ merhanémaíórth aníi llie 
lwo men probalily drew opon tlic same st)urces ol information; ccrtainlv, 
holli claiin lo have studied the vviitings oí Agesisírains and Diarles, 
amongsl odiers. 

In the 4ih ceiitiirv B(3, siege macinnes were ojien nnneeessarily large, 
as enginecis auempled to pusb llieir skills lo ihe liniil. Epimaclius ihe 
ATheniaiFs 'city-taker' (/íWe/WA), constnií ted for IXanetrins Boliorcetes 
in 304 B(!, was a 9()-eubil (4()m) iron-clad siege tower, probably armed 
wilh arriller). Amongsl llie successors t>f Alexantler die ( ireai, Denieti iiis 
is pe lila ps hest known for bis elabora te siege* machines, It is possible ihat 
Hegeloi oí Bv/iintiuin's ballering rarn, mounled on to|í of a rnassive 
vvlieeled slied, was one of tliese. 


WHEELED TOWERS 


The Macedonian siege tower 

The siinjilcst vvav for tloops to inounl ihe enemy baldemenls was by 
ladder. llowever, such a manneuvre was fraughl with danger: the 
apparatus was ofíeii ílimsv aiRÍ easily repulsecL and llie eiimhing iroops 
were exposed to anack from ahove. The development of ihe siege lowei‘ 
made ihe prucess less [ia/ardí>ns, by providing a protected siaircase with 
a gangplaiik or drawbridge. wlhch coiild hv leí dowii oiito tile enemy 
wall, The machine s debut at Mona in 398 B(’ illusirates more or less ihis 
lechnique- In order lo denv the (.fndiaginiaiis a base iherc, Dinnysius 
actiiallv inseried bis Hnvers inio ihe towii iliiimgh a breaclictl wall, and 
nsed iheni to cotivey troops by gangjílank finto ihe house-lops- 

Of course, by its very natiue, the siege lower aiso presenicd an 
elevaieíi plalíbrrn írom which missile fire txnild be directed dowii onto 
llie defenelers on the wail-walk. At Petinrhns in 341 B(f lOiilip ÍFs siege 













lowci’s wt^re KO ciihits (37iii) liigli, alUnving uver' 
wlH^liíiiiig fncpower to hv tUrcctcd oiUo ihe 
lowLM’s Liiui batllcnuMils, atul prc)bal>ly thv ÍHiilt-iip 
area líevoiid. .\]i:xaiKltrr’s sifge toweis at Tyre (B32 
1^(1) appairntiv lowercd ovít rlie walls, whicti 
\\r\t^ allegedl\ LiUft (c, 45ni) higb. i’He (kaanan 
schular Eiwiji Schrartun aLlfivipteíi lo raíionalisL* 
ibis astonishhig tiaini by suggesting that the liat- 
dt'iiieiits ran aloiig a clid-top, wbicb has si ti ce 
disappeared, but ihisstíciiis iinHkt^Iy* 

Di aciesis iiistnirtiíins for liuilding sucli a 
niacliiiit' liavt* bftfii prest'rved íbr us iii tliree 
aiuient aceoiiiUs: lite vvurks of Aihenaeiis aiiíl Vii- 
ruvius, hodi romposed towards die end of tíie Lst 
ceiuurv BCA and aii aiioiiyinous Byyandne ronipi- 
1 a í i t > n, e n t i T1 ed Sif^^erm ft in slru di o ns (Para ngdma ta 
/joliorkéiiha). Arcording lo these, Diades pre- 
scribed ivvo si/es ol tower. 4 lie smaller versión vvas 
6b nihii s (26j>m) liigh, and lape red íi oni a l iase 
oí 17 eubits ( 7 .ÓIT 1 ) square to IB'/: ni bits (íkOni) 

síjiiai e at lite top; the inain ii[)riglu linibers were '/: euliil (22ciii) ihick, 
decreasiiig to 7 daktyls (IBcni) towards the lop- It vvas divided iiHo ten 
stoieys, not iri ilie fonn of complete platíoniis, but rather landings to 
su[>[iori a sysleiii oí iiiternal staiixases. 

4 he larger versión was aii incredible 120 euliils {5B.2m) high and 
2B’/: ciibils ( I0.4m) wide, tapering to aronnd 10 ciibils (H.4ni) wide 
at the lop; ihe íbut-ihick (BOcm) main timbees deereased to G daktyls 
(llcm) higlu‘r iip. Again, each of the 20 sioreys took the lonii oi a 
B-cubit (l.Bm) wicie walkway atound a central opening, throngh whicli 
tile staircase rose in stages. Tlie vvhole machine was covered with rawhide 
as a defence against fire. 

Uiilbrtunatelv, no deiails of the undertaí riage have been preserved, 
althongli ihe anonymous Byzatitine claiins tltat the sniaüer unver sal 
on six wlieels, and the larger on eigin. Ñor are there any instmetiom 
regarding the gatigplank or boarding-lii idge (epi/miína) thai mnsi have 
htíeii extended from ihe lowei Lo can y ihe storm iroo[>s ac ross lo the 
eneniy liaitlemenis. Ii was espcí ially irnportant to ensure that it could 
heai the weight oí the combatants, uiilike the First of Alexandei's 
boarding-bi idges at Massaga in B27 Bík wliich broke spüling the üoops 
onto the gromid and exposing ihem ro missile hrefroin the liaitlements. 
Ec|uallv; die troops Crossing the briflge recpiired protection ÍVom 
flaiiking IIre, and a waistdieight wickenvtiik fence would have had the 
added benefit ol’preventing men from sinmbling off the edge. Ironically, 
the son ices note ihat Di ades had pionnsed to vvrite on the snlijeci of 
boarding hridges, but never did. 



i theory of a cllff-top 
í at TV*"© seems 
i the present-day 
topography is fíat. Nevertheless, 
his sketch illustrates hqw such 

! towers fTiight have 
ary against híll-top 
ewhere. Although 
I wlll not permrt 
I machinery to approacK 
t of the wallf the upper 
storeys of the tower are well 
within missile range of the 
enemy hattlements. (Author’s 
■ Schramm} 



The helepolis of Posídonius 

14i V tí' n n ' ci 1 y-lake r ’ ( hf^h^poUs) i is i la 1 ly evo kes i h e g i ga n t i c a rti 11 e 17 -aiiiie d 
towers utilised bv Demetrius [^iliíircetes ai the end of the 4th centiny 
BC], hni lile niaelhiie had a long pedigrec. l^ilyidns was known as 
hhe man wlio huÜt the helrpolis at By/antiuink dniing Pliilip's 
unsnccessliil siege tif B40 BíAhhough notliing is knovvii abont his 
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The 1 
Folard made a 


detailed study of 


[a disniiss Bilon iis a wortliless traiid 
Drachinaiin weiii so í\it as Lo diai 'dicrt' is no seiist' 


inacliine, ii is likely ihal ils 
parpóse vvas tu eleva te: 
inissile tmops lo such a 
lieighL ihaL they com- 
mandcd not oiily LÍie bai- 
Lk^nieiits, hut the interiíJr oí 
lile Lowo as well. Tlie lenn 
hfl/^iolis pi'i haps came^ lo be 
applicd incUscrimiiiately to 
any parLieularly niiprcssive 
picce ot siege tnaeliiiieiv. 
C^crtainly, in ííie Román 
era, il was brielly uscd lo 
indicare a ballcring laim 
bul is sliil Ion lid associaied 
wiLli siege tovvers iii the 4th 
(eiiiury Al). 

Posidon ins's ‘city-taker’, 
(lescribeel by Biluin was 
biiilt íor Alexander ibe 
Gieat prevsimiably in ibe^ 
330s BC’.. In one oí tlie i'ew 
reniarks on the 0 [ilimüm 
varié Lies ol liniber to use 
íor siege macbinery, he let- 
ommeiids fir or pine íor 
lile long limbers and ihe 
plaiiking, biu sjíedfies hard 
wood like oak or ash fui 
[ o a d-1 >e a i’ i 11 g c o i n | j o n e n ts, 
such a.s ibe vvheeis and 
axles; and, in addilion, the 
long beains should be rein- 
forred vvilh ¡ron bands. 

I he laevity o i Biron's 
desenptioii has led Lo con- 
íusioii aniongst niodein 
scholars. In íari, not so 
long ago, il was custoniaiy 
¡he Danish scholar Aage 
n Biton at al I', 


of roMerSf and the external 
galleries simply add to the 
machine's vulnerabditv- 
(Author’s collectíon} 


bul iliai is loo extreme a posilion lo adopt; ihere is slill iimch oí valué 
in bis deseriplioiis oí siege machines. 

The fdolfjrini of Posidonins’s tovvei; al bOíl (IH.am) long by 50íi 
(L“j..^^m) wide, was considerabiv larger ihan the coiiteniporan siege 
lowers ol Diades. Ihlon says tbai ihe lower’s axles vvere su[>ported by an 
iromsTrapped joist, (iOft (18,5m) long and 31t (041.5m) liigh, I’he Britisli 
scholar Kric Marsdeii suggested thaf both sides of ihe midercarriage 
com|>iised nvo siith joists, side by side, sandwiching the wheels in 
beivveen, Bitoii’s texl does nol preserve ibis ievel of deiail, bul ihe siig- 
geslion is sensible a.s the same type of conslniciion is fcumd laier, in 
Román maclunes. Fbere mnst also have beeii erossbeams. 
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1 he liortínii siorey 
aí)pareriily sai on 2tT-li¡gli 
(0.62ni) pusl.s, íjxed tu the 
¡oists al)ove the axles. 
Accoicliiig lo IVitfJiu witli 
the pusts i 11 position, Üie 
rinis uf tile vvheeis hulibed' 
(pi esiiniablv against íhe 
tlooi alxjve) and the iiien 
pusliing rhe niarhine (i.e. 
sianding un die ground 
belween tlie tinibers uf tlie 
iindercarriage) were not 
cianiped. It we assiuiie that 
ihe juisLs sal un the* axles, 
ihere vvill have been a ñft 
(l.r>iii) gap lietvveen the 
axie and the tiiiibeis uf tlie 
hrsi flúor Bitun’s reterenee 
tu huliliing’ iinplies tliai 
ihc wheels Uít>k up rniK li of 
ihis space, and mnsi have 
heeii a síiade less Üian lOl t 
(3in) iii dianietei; vvhích 
woiild ceitaiiily liave giveii 
the piisliing-eiew ampie 
headrouin. 



lluwever, Biton laier 

States iliat the vvheels were unly 31t (0.92in) in díanieter and 911 (2.8ni) 
in riiTumferenee. Maisden luuk a soinewhat cavalier appruaeh tu tlie 
text, prupusing fkrubii-high (2.Hm), 4Ít-th¡ck (1.2ni), spíiked wheeis, 
and clainiiiig that Bituiks 311 íliaineter a]j[ilied only tu the wlieel-hiibs. 
[lowever the división uf the wheel inro spokes woiild have inrríiduced 
an luinecessat^ weakness, and it scems uiihkely that siich a massive 
machine would tiave been eqiiipped with aiiytliing otlier than solid 
wheels. Furtíiermore, wheels oí 3ft in diaineter vvoiild have made 
muving lile machine exressively diflicult - the larger ihe wheels, the 
easiei the movement, !t seems inore likely that Biton’s ligure td 311 
wa s 11 1 e w i t i i h o 1 t h c w íi e e I s, a 11 d 9 íf wa s the h e i g íi t, 

Bitun goes un tu describe, iii a cunvoluted fashiuii, an arrangemeiit 
of beains and posls tlial apparently h>nned the 171t-liígh (5.2m) chassis 
of the hdepolis. Both long sides oí the machine vvere pruvided with 
a central aiched doorway {propyUs), giviiig access lo lile interior of 
ihe ehamljer, where ilie staircase leading lo the tipper levéis woiilcl 
lia\e startecl. 

The resL oí tlie machine is a Mttle vague- Al the outseu Biton seiisibly 
advises that siege towers shoultl be tailored Lo tlie heighl of the 
enemy wall, bul he later siiggests a 5ü-ciiíht (23ni) snperstrncture, 
presunialílv rising ahove ihe 17fi chassis and 91i imdercarriage, 
resnliing more or less in a lOOli (31 m) tower It was not ihe 
tuwer lieight wiiirli was mosc rriicial, bul the pusitioning o\ the 
boarding-bridge widun, su iliat vvhen the niacliine was drawn iip 


Posrdonius's helepoífs, It is 
urtiikely that this rnanuscript 
iltustration, dating to the 
1 'tth/12th century, is in any 
way falthful te Biton's original 
diagram. For one thing, Btto'n’s 
text presupposes that the iriain 
elements of the machine were 
labelled on the drawing with 
Greek letters. This By^antine 
drawing probably represents 
the attempt of an early reader 
to reconatruct the machine from 
the ínstructions alone- (C. 
Wescher, PoííorcétiquÉ des 
Grecs, Paris 1667) 
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Suggested reconstructfon of 
Po^idonius^$ helepotis. The 
deslgn of iho assault-brídge is 
conjectural. (Author’s drawing, 
foMowíng Lendle*s interpretation) 


ai the ciiciny wall, thc 
Iroops con 1 el storni across 
oiíto thc hallleniciits. 
Uníbrtunalcly, Bilon <iues 
iiot explain liow this 
ícatuic workcd, l>ut 
ii clcarly re(|uirctl an 
oprniiig in ilie íVoiit face 
oí Llie lower in oider lo 
provide ao exii íbr Lhe 
storm troops. 

As fui tlie^ hoaidiiig- 
hridge ÍLselÍ, diere are 
iwo ]iossil)ililies: firsi, tlic 
Ijj idge coiikl llave laken 
lhe foriTi oí a gaiig- 
[ílank, stored liori/ontally 
vvidnn die lower and 
si i d forvvard dircnigh aii 
opening, perhajís on 
l üllei's; or, sec oiid, il rtiuki 
have beeii íiited veriically 
OH die lowerN exterior, 
liinged at Míe bolloiii like 
a dravvbridge and losvered 
hy a wiiuli mecbanisin. 

The laller seenis lo tje 
lhe inore praclical oplion, allliough ihe Ronians appareirdy 
used bodi. 

Bilon States ihal tbe exterioi vvas plasteretl vviili lime and covered 
vvilli sheep's wool lleeces. íhis was jiisi oiie of iiiany scliemes niilised 
for flreproolnig síege rnacliines. Wriling in die laier-'bd ceniuiT B(^ 
rhilon of íiy?:antinni reconimends dial exposed liinbers slioiikl be 
daiilied wiib a mixlure oí ash and birdlime (a sticky snbstance derived 
froin misileioe lierries) as a proteclion against íire, and iiienlions 
lhe use ol wool fleeres soaktxl in vinegar or walei; No donlji, a lleece 
layer also liel[>ed lo absorb tlie inipai í ol niissiles. 


The hefepoli^ of Epímachus 

A generadon laten kpimaciiiis bnilt a hrlrfíoUs íbr Dcineirins 
Fkdiorctaes’s siege of Rbodes (:^(J4 B(l). Deiails ibis Lime ct>íiie írom 
fonr ancieni anthors: Alhenaens and Vitruvius, agaiin ilie historian 
Diodo rus Siculiis; and Demeirins’s biograpiiei; PlmarclK writing 
aromid AD 100. Of c'oinse, all vvill liave consnhed eailier sources, 
])erhaps even a losi work by Epiniachns himsclf; Diodorus’s accoimu i 11 
par titular, has lhe flavonr of having been diavvn írom a lechnical 
work. He records rhat the machinéis nndercaniage, or ‘grid-iron’ 
{fschanon), liad sides measnring 'almosi 50 rnbits' (2í^m), wfnch sijnares 
willi tbe 48 culiils (21 ni) recoidet.1 liy IMnlarch and Aibenaens; Vil- 
rnvins's 'bOíi' (l7.75m) i.s obvionsly a misiake. Diodorus says tlial 
crossbeams pariitioned lhe interior of lhe underrarriage at one^nbil 
(4(k:in) intervals, íbr lhe men lo pnsh against ¡n íiioving ihe inadhne. 





















The iiuu hiiie rollecl on ei^ín \vliet‘ls, biu ii is luiktKnvn wheLher Lhcy 
were arranged in rwr> rows, eac h wirh foiir whecis, or írnir nnvs tú twíi. 
riie laiier anangeinent wiiuld [xaiiaps Raid lu t reale ivvu deep vvlieei 
riuSn vvhereas tfie Itínner vvould fiave tlisirilHiied ihe wuiglit oi Lhc umcr 
more evcnlv across ihe ninning ‘¡airíacc. Ihe wheeh were 2 cufiits 
(0.92m) tliick and plated wkh i ron, VVe kiiow LliaL a hdt^polis huih íur 
Demeirius lliree yciirs eaiiier ai Salainis. oii (Apms, had only ftmr 
wlieeis, each 8 ciihits (8.7in) high, a tul larger wfieels will generallv have 
iiiade íoi easiei inovemeiit, bul diere is iiíí reason lo suppose dial llie 
R]lories machine also liad H-enl)ii wlieels. Diodoi iis allegros diat sideways 
inoveinent was ¡jossilile, bul il remains a inysten exactlv íiow ibis wovild 
llave been aecoinplislied. 

Tile hríf^pídis ilselíWas divichal inlo ihne sioreys, each oí vvhícii had 
rwo stairways, one íor inen inoviug ii|7wards throngh ihe lowee ihe otliei 
Tur rnen clinibing dovvm lo avoid congestiom Athenaeiis says dial ií 
was 90 cnbits (39.9m) in overall height: Vitruviiis*s nieasureinent is 
again shoji ai Riblr {-í?!!!), and Plntarrh's (jgure oí (>f> enbiis (29ni) 
is |)resnmablv a sh[i íbr 90 ciibirs (42,(ini). Again. Uiodorus gives nmch 
more iníormation, reporting dial the comer timbers were 'ahnost 100 
rnhits lniig\ bul insiead of standing venically ihey ta[>ereil in towaids 
die lüp. Such a sirncuue wonld have siood aroiind lüm liiglu like 
Demeinus’s previous nine-storey h(4epohsí\{ Salamis. 

Kath level had shuttered Windows opening to ihe íront, dirongh 
which a variety ol niissiles eonld be Ihed. The slniuers weie apparenily 
pacldecl wiíh wool-stnffed rawhide, like Tnartresses, to absorh tlie shoek oí 
eneinv artilléis lire, and, althougli it is likely dial diey opened ouiwards, 
il is noi elear wliediei ihey were hinged al the top or at ihe buUunn 


De Folard’s reconstruction of 
the húíepúti^ of Epimachus 
íncorporates several eirors, such 
as the number of wheeis, the 
number of storeys, and the 
provisión of gigantic drawbridges. 
6ut it demonstrates the inventivo 
use of the block-and-tackie for 
wínching the machíne forwards. 
(Author’s oollection} 
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l’lie bottom storcy oí ihe Salaiiiis towci; whicli was only inar^iiially 
snialler ilian íLs coiiiiicrparl al Rliodcs, is supposcti to have arcoin- 
modaled threfMalent stnne-projertors; in utlier words, artillt'ry designcd 
to Llimw stone balls wL'igliiiii^ (hice talenis (78kg). Such niaí:liiiics 
weight^d a colossal aniíumU and vvere aroiuid lOm kuig h\ ínn vvidc, sí» 
Khviv would have been space for niily tliree, siete by side; hcnvevei; the 
lorsioii-l’ranie alone was over 4ni tií^h, so tíie operatioiial licad-rooni 
iniist llave been consi de rablv grcaLer iban in a slandard siege lovven 

l'he inteniion was clearly tí) concéntrate lieavy Ílre|>o\ver al bai- 
llenient level, wbere ni en and iiiasonry were inosi vulnerable, bul tlie 
tlrird storey the helf^Milis was probably alreaily higtier tlian niíisi lown 
vvalls. rhere would llave been little point in líiading anillerv in the up[>er 
storeys, wliere its liiiHled angle í)Í depiession was a lianciicap lo its 
functionality; bul eaiapuks in ibe iliird and límiLli storeys ronld íiave 
proved nselhl at long range. I he other íloors would have acconnnodated 
a variety oí niissile lroo[3s. 

The hnge quantirv' of liinber used in the inacíiine's eonstiatciion pre- 
sented a real tire ha^ard. niodorns rec{>rds that, to offset tliis, sheeLs ol 
iron were nailed oiito the front and sides. Vitruvins, on ihe other haiid, 
í’laiíTis iliai the niat iiiiie was proiected by padded l awliide, whieh wonltl 
certaiiily have been a lighter anrl less cosllv means of fireproollng. Bnt Íl 
seeitis that Vitruvins is again mistaken, as the Rhíniians allegedly 
niaiiaged lo knock several of tlie iroii sheets off the lower, exposing the 
liinber beneadi to iheir incendiary missiles, whereupnn Deineirius liad 
the nuichine hanled oiu of liainds way. 1 he rear ol the tower was 
never in any danger, and it would have been niost seiisilile to leave it iiíji 
only unarnioured, bnt also complelely iinboarded, ihns providing the 
interior wilh inucli-needed jllimiinalitjn and ventilalion. 

Allhoiigh Diodo íHis. Athenaeiis aiul Piutareh are tibvioiislv 
describing the same ni achine, Vitniviiis's text, taken ar face valué, 
specifies a 11 altogellier snialler ttiwei. lie also diverges Iroin ilie other 


The northern defences of the 
Attic border fort et Gyphto- 
ke^tro. The dífficult approacli 
would have hindered wheeled 
siego machínery. (Courtesy of 
Deutsohes Archáologíschos 
Instituto Athens; nog. no. 
Attíka 236) 
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íiourct's iri clainiing ihai tlie machine was fbiiled iri a |>uíiílle of sewagt- 
wliich tlic dcreiiclei s coniiáved lo puur in ils paLli; appaiciiLly, Lhe lowei 
wds so ht'avT thai lile whecls siniply sank in lhe niorass. Is it possil)Ie thar 
Viinivius niisiakenly described a diííereiu hflepolis} (Icrtainly, Dcmeirius 
¡s kiiovvn lo llave nlilised sinúhir machines at .4igos iii 2^)o B(’. and 
rhches in 291 BC. V itniviiis's stoiT slrikes an inreresting chord wiih 
l^luiareli, vvho records ihai ihe hekpolis M d bebes was so ponderous thal, 
aíter tvvo moiiths, tlie men liad nianaged lo di ive il íorward l>v oiily Ivvti 
sfad es (35a m), VVas rh t! s 1 í >vv progrt'ss c■ a 11 stal l)y Thel);m st*wagt'? 


The method oí propulsión 

No aneient auihor indieaies lhe means by wlrich diese lieavy rnaeliines 
weie moved. A ])assage by Dioiiysins's conteiiiporary; ihe aiidior 
Xenophon, is often clainn^d to l)e lelevaiU liere. Xenophon records 
how tbe Persian Clynis, in lhe inid-bth eentiiry ñi], iitilist'd eiglit yokes 
of oxen lo drag a -Vstorey, 12-cnbil (r).55m) tower, wiih ils crew oí 20 
men. Hovvever, ibis was noi a siege towen Ti was, in fact, intended fdr 
liatllefield use, posiiioned behind, and in siipport oí, rhe main army; 
no doiibt, afier lhe oxen had lianled ihe lower iiiio posilion, ihey weie 
mihiiclied and herdefl out ol lhe firing line, Defiloying a siege lower 
imcler enemy fire presenled qnile a difleieni proposition. An eíTective 
ai’guineni againsl lhe eonveiitioiial use oí dtaugíil aníiiials is tlemon- 
strate^d by lhe (íoths' siege of Roine in Al) ;>H7. Their leader, Wittigis, 
decidecl to advanee a siege lower against tlie walk fmt tlie Román 
deienders siinply shot the oxen harnessed lo il wíiile the macliine was 
still so me wav ofT, ihus instan ily neiitralising il. 

Several of Üie machines sal on an iiiidercai riage {fsrhnmw), designcxl 
lo aecomniodate tlie icxle-assemblies, as well as incor porating ciossl)eains 
for men lo pnsh agaiiisr. 

Mowevei; even in the 
largest machine, diere 
woüid nol have heen 
enoiigh rouni to acconn 
inodate ilie tlioiisands who 
are occasionally mentíoned 
as propelling these vast 
nuichiiies. Oí coiirse, tíre 
aneicnts were well ac- 
tjuainLed with componnd 
pulleys and winehes, and it 
is tempting to assnme that 
ihey were iised lo drag 
wheeled towei s Ibivvard. 

In lart* ihe cower bnilr by 
Posidoihus seenis to have 
incorporated soinetliing 
ol the son; accorcling 
lo Biion, il was eqnipped 
wiih ‘a place for a windlass 
... causing lhe axles to 
iiirn more easilyk Marsden 
fol 1 o^ved Sr h lam m i n 


Schramin's versión of Posi* 
donius^s helepolis. Schramm 
trled to follow Biton’s 
ínstructions literally, but the 
pair of vertical tread-wheeis 
could never have dríven such 
a heavy machine, (Author's 
drawing, after Schramrn) 
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Marsden's versión of Posi- 
donius's h&f&poíiSf showing 
a sida viaw and plan of under- 
carriage. Marsden adaptad 
Bíton's text on the basis of 
mechanical probabílity, but 
th© continuous beJt-drive is 
unwarrantad. (Author’s 
drawing, after Marsden} 


ass un lililí iliMi ilic wiiiíllass 
mm\ have ojxM aUxl dircctiy 
im tlic axies, via a kiiid of 
coiiliiiüous belt-djivc. bul 
sutil a concept pruí^abl) 
clid iiot arise uníil tlio 
inetliüval spiiiiuiig wliccl; 
even thrn, il díiiibtíiil 
whcllicr its a])plication to a 
siege ttnVLU WíUÜd havr 
bt'en pratiitable, giveii tlit- 
tremen do US weiglil tbai it 
was expecleti lo move. 

riiere is an aliernaTÍve 
use lo wlucb lV>sidonius 
could have pul liiswiiiciu ll 
vvóuld have btx'u pos si ble 
(ihougb ibis is eutirelycon- 
jet tu ral) ítn anehoi^ poiiUs 
to 1 k' driven i uto ihe 
ground ahead of the 
luacbine, and ídr rupes lo 
ron froni ihese bark to ilie 
oii-boaid winch; nien iriside 
the inathine could ilieii 
llave winched il fonvards as 
lar as tlie anchor points. Of 
ct Hirse, such a se líeme did 
noi neressarih require the 
wincliing apparalus to be 
aboartl the kelepolis. and 
stHiielhiug similar could have been employed to niove auy hea\y wliceled 
machine. If rhe ropos wvrv securely aUadied to llie undeicaj irage atid 
vvere run loi wards, through pulleys ai the anchor points* and bac k to ihe 
rear, a hauliiig crew (peihaps including diaughi aiiimals* or iitilisiiig 
vdnihes) could have dragged the machine fonvards. lite only daiiger 
would have becíi to ihe men and tackle exposed ahead of ibe niarhine* 
where tliey were vulnerables to cnemy íire. 

The.se iiiassi%'e madiines musí have lUíAed almost impeice[)libly, 
scarcelv advandng bv the lengtli of tlieir ovvn vvheelbasc from one day lo 
the nexl. Uiider Lliese circumsiances, il would have btieii siihicient in 
anchor die pulleys in the grounrl beneath ihe froni ol ihe machine, and 
sccure ihe ropes to ihc reaniiosl heams of ihe untlercaiTiage. Theii llic 
entile svsiem remained concealed beiieaih tíie machine ihtxíiighoui. Of 
cfiursc, auy haulitig anangemeiit coiiíd have been assisied by a muh 
tiliide sitnply [>ushing against ihe uiidercarnage and wide whcels. 


TORTOISE SHEDS 


The ditch-fílling tortoise 

d lie massive HelleiiLslie wheeled luvveis required an approach path íhai 
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was smí^oth, level, and lii iii. [i vvauld llave been dil- 
ficult enoii^h lo set rhe f^rcat hf¡epo¡ns iii iiioIídUj 
vvitliüiii haviiig U> iiegoüaLe liuinps and bninps in 
rhe groniul And* as has been seein sueh inaeliines 
were vnlneialde to s<jii grnnnd. In lart, diiring the 
attaek on ihc coaslal towii ol (^a/a in 8-^2 ilie 
wheels of Alexander's Lowers sank in the sandy soil. 

Sí) tliai tile nndercarnages were flamaged and die 
inacliines had Lo be hauletl back. In adclition* by 
tile mid- íth eentiin BCi, rnany lowns batí provided 
llieinselves wiili delensive dilelies, vvhieli tieeded to 
1k' hlled il inacliinen'were U) be whcelcd iip lo die 
walls, In the Cireek woiid* arrineial rain¡>s ot ihe 
solí íavoured bv Ule Ríinians were virtually 
unhearfl of’, bul il became usual íbr inen to level 
out ihe terrain in advance oí ihe lieavy niarliineiy 
Ñaua alIv, üiey requit ed sonie iín ni ol pro 
tection lliat eoukl be moved íoiward wiih theni as 
they advanred* and whieh would pt nnit tliem to work untiindcaeíl. The 
sulution Wius lile diichdilling loiluise (lestudíK or a type oí 

slied rescmbling a pitehed roo! on vvlieels, l’liese tiiachines were cleveiiy 
designed so tliai anv projertiles would sini]:)!) glanee ofl and ro!l away; diey 
were also pioLeeted bv the usual lireprool layei. Diodorus Sieulus 
mentions sucli machines depioyed during ^Alexander's siege oí Halicar- 
uassus in lUl, and neinetrius later nsed eiglit of rhem at Rliodes, tf) 
prepai e die wav lor liis /ic/e/m/d; siniilai machines were still in use a eentuiy 
later hy Macedonian aiirl Seleucid armies. 


The ba^íc con^tmptfQFial écheme 
ol the tortoisé, showing the 
functiori of the central 
compartment in ^upporting 
the pitehed roo!. There is room 
lor a 'middie floor' above this 
cofTipartfiient. (Author’s drawing) 



The ground plan of Athenaeus’s 
ditch^filling tortoise shows the 
central square undercarriage 
{eschafion]^ interna lly di vi ded 
lengthwise by lour tlmbers and 
breadth wise by two timbera* 
Another two project to the 
sides, where a pair ol longi¬ 
tudinal outríggers support the 
ends of the rafters* The comer- 
squares accommodatíng the 
wheels can ctearly be seen* 
(Author’s drawing) 
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Atheiiticus dt^scribes liovv llic inacbiiie was 
hiiili around a T-tubit-hi^h (3.lOiii) renual corn- 
|>antiieiu, siitiiig on a l^ciibit-squarf (íb2!m) 

11 n d e IX a rr i age ( es ch a rio n ), The |) i te h e d r () o 1, 
wíiicli was íhe marhine's niain featiire, extended 
a ÍLu ther 4 cubils (1.77ni) to eillier side. i lowever, 
raríier ihan lerniinaiing in gable-eiids, ii alst> 
sloped to lile froni and rc'ar, íhe Ibur faces 
ineetiiig iii a tiaiisverse lidge sonie 7ni abuve 
ground leve!. 

Athenaeus atnibutes the design ro ‘Píiiloii 
oí Aihensb vvhieli is surcíy a slip fbr 1 Mi i Ion oí 
Byzan l i u rti, vvh í >se Meelmnicai furyclopedia 

(Mffhaníhé synlaxisK rompíled in ihc later-ííid 
ceniiin' B(.’, included woiks on artilleiT and on 
siegerrafT. In the hitier, he dravvs a distinclion 
ixiween the ‘wicker lortoíse’ igfTn}fhr¡ónf) and rhe 
'dilcfi-rdling Lorioise' {ehelóné ehósltis). Fhe 
A\icker-lorioise' seems to have lietai a simple, ojien-tuided shelier oí 
lile sort that tlie Ronians ralled llie vhiea„ wliereas the ^ülch-íllling’ 
versión was en ü reí y enelosed. 

The Mhteh-filling’ loríoise aiso liad massive Idot-thiek (29T>t:in), -V 
cubitdngh (l.'TSm) wheels, one at eaeh córner oí“ the esriumort. ¡ he 
individual axles were incorporated iiuo an íngeiiions steeiiiig 
mechanism, which allowed sideways moveinenu Vitniviiis's versión 
allegedly enabled ihe machine lo travel, nol oniy sideways* hni also diag- 
onally: howeven it is iiot elear liow lilis was accomplished. One common 
theorv, thai each wheel was design ed to swável independenüy like 
a castot; is iinlikely; Vitriivius einisages a wheel-asseinbiy that was 
adjusiable in 45® increnients, whereas a castor would l>e able lo 
s\\ivel eonlinnously, 

Athenaeus recunniiends dial ihe rool be boaixled wilh [>alm wood, 
hecause of its resilience, and covered wiih green wiekerwork- The snin 
abiliiv of‘palm wood was a|j]iarentlv well known; Philon also mentions 
il lur general use in siege machinery, bul recommeiids an onter skin oÍ 
i ron scales and sonie kind oí padding, loí). Cleiiaiiily* Athenaeus 
prescribes an overall cusíiion oí rawhide, padded widi seawetal or 
vinegaj'Soaked eliaíT both lo abst>rb the inipaci oí missilcs and as a 
defence against fnev 

A variani idrm oí'the maclrine incorporated a haitleniented yiarapet, 
froin which coveri obseivalion oí tlie enemy coiild be carried out, 
Apparently, i!ie sloping sides exttnided only as far as the lintel, whicíi 
imisi have sn|)porled an upper sioiey. Both authors recomínend eighl 
wheeis, perhaps to bear the additional weiglu oí the obsei vation crcwv 

The ditch-íllhng tcntoise eovereri around 120 square ineíres oí 
ground, Men would have buen able lo work coinídriahly over nmch 
oí thai a rea, f>ii acconiií oí the lia mes h eighl above gronnd, bul 
onlv practical experiment will reveal cxact details of how to move 
ihe macitioe. 


The digging tortoise 

Both Athenaeus and \ iliuvius record a íuriher variaiion, adapted íbr 
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use in t lose proxiuiÍLv to ihe eiieiuy vvall and 
diífejiii^ (ron) the diuh-íillin^ torioisc in 
oiie respecl unly. Ralher tlian the gendy 
slc>[>ing front, designefl lo deíleet niissiles, k 
liad a veriiral hont fUce, to enahle ir to ahur 
Tlie f neniv walh 

Both autliors conciir dial diis front tace 
vvas triangular, irnplying a longítudina! roof 
ridge and giviiig tlie inaclrine the Ibi ui oí a 
simple pendioiise. Any niissiles dropped 
froiii the baidemeiUs vvonid liave rollíTl 
oíí ihe l)road, sloping sides vvuliout eausing 
daniage. I he rooí wonid ha%'e beeii hoarded 
and covered, eitíier wiili íresli wirkerwork 
and ])addt^d ravvliide, or with clay iiiixed 
witii liair, Riíher merliod would have 
provided sonie degree oí Inejjrooflng, aiiil 
rhc' slfíping sides avoided the ueressity oí 
cushinning the s truc ture against heavy 



Sackur made an ingenious sug- 
gestion to allow the diagonal 
movemant that Vitruvius 
mentíons, The two outer ^wagon- 
feet^ are made to pivot in the 
centrer creating a third positlon 
for the axie, mídway between the 
lorward and eideways positions- 
(Author's drawíng, after Sackur} 


vveighis dri>p|)ed íroin ahove. 

The machine was specifically designed lo eiiaide men lo work 
in safen at the fdot oí the eneniy walL Oí roiirsc, the (rom lace oi 
tile iiiacliine pre%enied iis occupants íroin attarkiiig the wall direcTly, 
as some modern writers have assuiiied, vvilli })ick“axes and crovvhars. 
Ralliei; iis structure was clesigned to permil ihe tiien lo dig ai the 
foot oí lile wall, undernniiing the l’ouridaíions and destahilising 
the íortinratioiL Uníorturiaiely; diere is no nientioii ol lile inarhine 
in action iii the aiirieiit sources, in inarkecl contrasl to ils diu le 
niling cousin. 


The ram-tortoise 

Besides Crossing o ver the eneiiiv wall hy means oi latlders or a siege 
tower, aii aliernativt* tiplion was opea to ilie besieger; nainely, brcakiiig 
llnougli tile wall. Most anrient soiirces .simpíy reíer to 1)alleriiig 
rams' during siicli operatioiis, which has occasiotiallv led to the 
suggestion that ilu^ machine consisted siniply oí a scalíold, set up at 
the wall, íiDtn which a ramming-heam was suspended. Oí couist', an 
unprotecied timber lVame\voik woukl not have lasted long in such 
au exposcíl locaiiíin, even ií a coustriiction crew could have siirvived 
long enougíi to Iniild it there. In fací, ii is clear iliat, íroni the 
mid-lth centuiy BC (ií not earlier), hatleriiig rams were normally 
coiiceaied witliin wheeled slieds, antl brougln u[) to their action 
stalionsjusi like siege towers. 

Tile Greek versión oí the ranMorlíúse may even have been ilie 
work of Philif>\s engineer Polyidus, who allegedly developed battering 
rams that were 'easier to ii.se’ al Byzaiitium in ÍMO B(k Atheiiacus 
and V'iinivius de.scribe the machine buik Idr Alexander the tTeat by 
Diades, a pupil oí Pohidus. láke ihe diích-filling and diggiiig slieds, it 
more or less lesemblet.! a penlliouse on wheels^ and vvas similarly 
designated as a bortoist^’ (íesíudo, or chíddnP), 

As with liis siege towei; Diades a}>|)at‘endy liad a small veision and 
a large versión, bui nieasuremenLs are given only íor ihv latter. Its overall 














































díiirensions vvcrt' '^0 cu hits 
(13.30111) vvitlc l>v 10 cubiis 
(¡7.7^ni) Mud lile 

a(>cx (íl ilic pitclicd rool 
siood 16 cubiis (T.lOin) 
ilif whíílc síructurc 
WAS covcicd vvilli rawhidc. 
L-ruisually íui a luiinisc, 
a rhrcc-siorey runci 
ciinvncd Diades’s inachiiux 
'Hiat, and an aiiihigiioiis 
icícrciicc tí) an iurcr- i 
lucfliatc íluoi vvilhin ihc 
shed, has Icd u> muth 
Sí holarlv roiiíiisií)ii. 

ITic iníjsi likclv inier- 
protaiion uf Athciiaeus’s 
tcxl (iii conjnnctiun wiili 
Viu in ius ’s 111 o re sunuiiary 
versión) residís iii a 
machine very si mi lar Uj 
ihe ditch-fllliiig loitoise. 
Likt^ in lile raiii-toi ií)ise 
vvould llave heen hased 
upou Linee key elenuails: 
die rec tan guian vvheeleii 
nndercarriage: ihe uiain 
inlenial coinparíiiienl; and 
íhe familiar Inppeíi rook 
1 he enigmalic 'niiddle 
lloor' vvill ihen h a ve heen 


De Folard's reconstructíon ot 
the ditch-fílling tortolee was 
accepted by generations of 
scholars. However, severa 1 
elemenis of his machine are 
vulnerable to counter-attack^ 
particutarly the exposed wheels. 
(Author's collectíon} 


the arca belween tile main romparimciU and ihe roof ridge, occupying 
the same posilion as lile batllemeiiled parapel in ihe variaiu form 
of díirh-Hlling tortoisív No doubí, it was insti uinenlal in allowing access 
lo lile uirren which rose ihifjugh the apex of tlie rook 

The npper leveis oí the uinei acrommotlated 'storpions and eat- 
apnllsb while ihe lowesr level hetd a resei voir of water lo extiiignish anv 
fires causcíl hy incendian missiles. Vilrnvins adds llu^ iiseíul detail liiat 
lile lurrei was 4 cubits (L.77ni) wtde, Ihe term 'scuifiion' nsiially 
denotes an arrow'-riring catapull ol smaller í alihre; the largest caiapuli 
siill qualilving as a Ncorpion' was perhaps a machine' ca|>ahle of tlring 
a 70cm arrovv (et|uivalcm to 3 spans). l’lie stock oí snch a machine 
was ahoin l.^Oin long, and, althoiigh the íorsit>n-frame was oiilv í).50m 
wide, each arm prolriided abíJUl halí as miicli again, giving an í>verail 
widih oí 1 m, 

We shonid noi nnderesiimaie the amormf of woíTing-i’oom leijuired 
by ihe ariilleiyinam partieularlv at the rear, wltere rhe caiajmll 
arrns were wincheíi hack, bul al so al die si í les, vvhere llie sioek vvould 
swing round when rhe wea|)on was traverscai. It would not be lar 
wrung to assign a 3-span airt>w-fhei a mininimn tloor-s|iace ol L5ni x 
2.5m. Cioiisequcnilv, it woiild have Ijeen impossilile Loslation more than 
one calapult in a room 4 enhits wide. Furiherinore, the turret mnsl 
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havc been con.^iiderahly loiiger Lh¿in it was wklc, 
to suit llic cliiiR“n,s¡ons oí a catapiih, and il wtnild 
st'cni sciisiljle to assuiiic a Icngtli uf 6, oí eveii 
8, ni bits (2.7-3.5ni). 

Oí coiirse, the tonoise was sijiiply a mohile 
platTorni foi' ihe bani-liolder’ {knodfMhé, av ari- 
fitami m/ifhwa), iipon which the batfering rani 
rested, Ihis olisnire componeni a[>]jarenilv 
look die íbini <íÍ a cylindi’ical rtjller, wliicli was 
prnbably mounted transverse i y within ihv 
íVamewuí k ol tile uin ei; in íact, ÍL would go soine 
way towaicls explaiiiing the íurietion oí die 
hiiiddle floor’ if the *rain-liolder' were loeated 
there. Vilmvins clearlv States tliat tiie rammiiig- 
heam sat on the hamdiolder’ and was set in 
motion by puHing and re leasing ropes. Ii seerns a 
soinevvhai |>recaJ’ious inounting lor a heavv 
ramming-heam, and ¡lart oí the mecíianisin is 
perhaps míssing Irom the description. 

Locating the beam íiin above ground lev el has 
intcrcsting iniplicatitais lor the ramming process. Oleaily, Diades did 
not iiitend to í>reac[i the eneiny wall at its foot, vvlicre llie íbnndalions 
conld l>e expecied to liave been more solid. Ñor was he aiming at 
liattleinent level, vvliicli may have been as liigh rs the 20 ctibits (0.25m) 
recommended hv Philon, or even higlier (ihongh llie alleged heiglit oí 
40 eul)ils íor tlic walLs oí Ihraeus has í>een <lonbted). Ralhen the 
target seerns to liavt^ ík en a niidway point, gnaranteed tc) weaken ihe 
wall-walk above, ihus preventing any coiinteroneasores. Defenderá 
eommonlv flisrupted ramming operatioiis hy dropping heavv weighLs 
onto the ram head or ensnaring ir with lassos, both oí Which required a 
van l age |)oini diiectly a bine líie ram. Perhaps Diades iiicorporatetl 
sotne meihod oí adjusiing the angle oí Uie raitin)ing-beani, in order 
in coniinne the hreach downw'ards, to a heigín at which inlantry 
conifl enter 



The design oí thci turret is 
conjectural. (Authq<r''s drawing^ 
folíowing Lendie’s inlerpretation} 


The ‘borer* 

For breacliing ihe wall at its Ibot, Diades einployed a dilíereiit niachiiie; 
Alheiiaeus and Vitruviiis claiin that ii was called a '!)orer' (írypanon, or 
Ifrf'brfi), althongh il did noi use ihe same drilling action as the rarpeniry 
tool oí tile same ñame. Iii ouiward appeaiance, il reseinbled tile 
rani-tortoise, perhaps even iiiclnding tlie artilleiT turret, which would 
have l)een a nseful adjimet for any machine woi king in cióse f>roxirnity 
to the eiiemy wall. Internally, it would have been based ujjoii a 
rectaugulai; wheeled uudercarriage, oí íhe sort nimihar from the other 
tortoiseSí lint thi' loriga iron-[>oinfed liearn, which gave the machine 
ils líame, einployed a dilíerenl niechanism írom the kriodoch^, or 
Vram-holder', oí the rani-tortoisc. 

l ilis time, the ramming-beam ran alonga gronved limber (synnx^ or 
amalh), which, Vitruvins adds, w'as oí) cnbits (22 mi) loiig and l cnbit 
(0.44m) high and wíts mounted on supports. As l>otli anthors poini 
oui, ihe same vvord is also used lor the groove oía catapiili, in which 
the arrow' is laid in order Lo guarantee a siraiglit shot; incorporated 
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Diades's borer. In ttiis medieval 
manuscript illustratíon, the artist 
has arranged the tackíe as if the 
beam were winched forwardsT but 
it Í5 unlikely that sufficiant forcé 
ceuld ha va baen generaled by 
this means. (C. Wescheri Poííor- 
céttqu& d&s Gr&cSi París 1367) 


in rhis niachiiie, ii fnsurcd ihat thv niTrinung-beam hit Úiv same spot, 
time aíter time. In addilioíi, il was equipped wilh a winch at ihe rear, 
again as on a €ata|jii!t. Howevei; imlike llie í atapult, the btner's groo ve 
was dlied wiih a series of ndlers along ihe bortoni, so dial fhe rammiiig- 
beain would easily iolí l>ac:kwards and forwards. 

Il will llave been a simple inatler to vvim h íhe beam bat kwards. 
Driving it íoiwards W\ih eiiongli encrg)' to hi eak through a wall is cjiiiLe 
a dilíereni matlet. llowever íoj^ tlus pnrpose, aiioiher lwo rolléis 
were positioned towarfls the froiu eivd oí the groove, oiie oii eiilier 
side. Trartioti ropes, atraehed lo the rear of the ramniiiig-beann will 
have been í'iin foi’ward, aroiuid diese rollers and hark towards the rear, 
so that haiiling-crews inside the tortoise, positioned to leít and r igíit ol 
the groove, cíjuld pulí the beam fonvards wilh a violen! tng. 

lioUi antliors add dial ihe lieam bmd the arclies’ were covered with 
rawhide, jvLst like the tortoise, fhe c ine to tlie possiiile ideiitiLy oi ihese 
arehes comes when we ennipare the lengih ot the groove wirh die lenglh 
of Diades's lorioise, beeause il is edear dial die íbrmer will have pro 
¡eeted np to 10 cubits (4,4m) beyond die latler. I liis exjKxsed section 
must have been arehed over lo give it soine proietoiori from abí>ve, but 
even llien it wonld have been pariienlarh vulnerable lo nhssiles 
dropped fiarn above, Thns, covering flre wonld have been essential, 
eilher lioin an inU‘gral tirr ret oi; al longer range, frorn the rear, in oider 
lo keep ihe batllenienis elear of deíenders and ensure tíiai no counlei- 
incasnres conld hc‘ lannrhed. 


Hegetor’s ram-tortoise 

Diadcs's ram-iortoise and íiorer were apparenily consiructed íor 
.\lexander the Great, wlhch places theni in the ;^30s B(i. Alhenacus anti 
Vitnivius bodi preserve details of a diffeient rain-ltírioise, devised by an 
oiherwise unknown engineer named l legetor oí Bymniium. lí fias been 
siiggesled thai ílegeloiworked Ior Demetiius PolioiTetes, who liad a 
penchant for grandiose inaehinery, ihough the conneciicm is inore 
than a litde tenuous. Ihe historian Diodorus Si culos records ihai, 
durlng ihe siege of’ Salaniis, Demeiiius 'constriicted enonnons 
baiiering rams and rwo raneearrying lorioisesh and dial, al Rhudes, bis 
tw^o ram-tortoises were hnany times larger' rhaii the ditch-filling 
loi toises iliai [irececlecl theni. Their lamnhng-heains are sard to have 
been 120 cnbits (5S,2m) long, tlie verv length that Aihenaeus atli ihntes 
to Megeior’s battering ram, hnt die praciicaliiy of siich a long beam 
has been questioned. 














































































Arhniacus claims iluit llegtaor’s 120-cubít lain was recLaiigular iji 
cioss-secik)ii, and tapered Irom a rear rncl 2ít (5^JciíO 'tlik k' (by which 
lie iiuist mean Üie dieiglil' uf the beain) and V/á\ (37cmi) limad, U> a 
íip llt bv ^/ ^íf C29k>cm x 22.2cni). Vilnivius gives a comple^tely difíereiú 
set of díínensions: thc leiigth, he says, was UI4ÍT (3(I75m), and rhe mar 
end was í'/4\ by líi {36.9eni x 29kkni), tapering to lli by ^/Jlt (29.(kan 
X 22.2cm) at fhe tip. (Tlie anonymíins By/antine mníklies tht* waieis liy 
combining Adienaciis s stattaneiil ní lenglh, widi Viinivius’s dimensions 
ídr ilie Lhickness ol die l>cani.) 

Srhramm believcd thaí a 50ni l>cam would buckle, arul ílie ends wouid 
drag on ihe gronnd, making tlie wlnile contrapdnn uniisabie. lie 
prnpnsed ihat Aiheiiaeus’s lext slioiild be enierided u> read 12011 (35^501), 
coirsiderably .shorter dian 120 cubirs, biit still sonie way froin Vitmvius’s 
llgnie. ( lile alleniaüve appruach adopied by die (keek selinlar Sir 
William Tarn, vvho posiulaLed üiat a specáal 'shord cubil oí arouiid 34ciii 
was uhvá in Macedón, takes us even fiirthcr Irom Vitnivius.) 

A belter soinlion, vvliicb aclually goes some way lowards rcconciliiig 
the two sources, is lo assume Llial the Greek texi of Allieiiaíais has beeii 
corriipled during transmission dowii tlirongh the ages, and tbal an 
original sLalemem of‘ '70’ {hebdomekonía) cnbils vvas miscopied as '120' 
(hfkaiofmkosi) cnbils. A length íjí 70 cubits (31iii) is very cióse lo Vil- 
íüvins’s measuremenI. (Precisely liow Diodorus carne iipon the 
uieasiirement oí 120 cubils loi Demetrins’s balteiing raiiis remaiiis 
nnknrnvn; perliaps bolh he and Athenaeus drew npon a coinnion 
sonree, which had already bect>me corriipted by rlieir day.) 

4’he ramming-beaiii vvas capped vvith an i ion tip, like llie beak oí a 
warship, Basically, this was a hollovv liimp of iroii, desigiied to íU over ihe 


De Felard^s reconstmetion of 
the batteriñg ram^ It is unlikely 
that a single suspensión point 
would enabie the ram to 
Work effectively. However, 
the ramming-beam itself is a 
fairly accurate representatíon. 
(Aifthoes colleciipn} 


























Hegelor’s ram^tortoisé. This 
illustratlon, dating to the 
11tti/12th centurvt combines 
sevoral viewpoints, and demon* 
st rales a ccnventlon that is 
□ften fúund in manuscript 
diagrams. The artist has 
attempied to show a perspectiva 
view of the turret, superimposed 
on a plan of the undercarriage, 
whíle the ramming-beam is 
shown in a simple side elevation. 
(C. Wescher, Póíiórcétique 
des Grecs, Paria 1867) 



cnd ot the beaiii, but il was scciüt'tl by i\mv tc^ii-ciibil (4.4ni) iron sirips, 
which trailcd back along llic heam like strcanicrs ai id were tiaücd luto 
posilioii. (Vittuvius calis íhcsc streamers lammijiaf, which is the usual 
tenii lor a strip oí lueiah but Alheuaeiis calis llieiu 'iron spirals’, 
iinplyiiig iliai ihey were woiind arouiid and aloiig the beain,) The beaiu 
was liutlicr iciníoiced vvith ropes, usiiig a Icchnique wcll kiiown iii the 
aiicieut World for btacitig the hiills of ships, and conipleielv wrapped in 
rawhide, a necessary jirotcction agaiust fire because ii was eutirely 
expused above the level oí llie tortoise. 

The tortoise itselí was similar iii si/e to Diades's model. Athenaeiis 
gives the dimensions as 42 ciibits (lH.62in) long and 2H cubils (]2/42in) 
vvide. Viiruvius’s versión, at üOfl hv l-^ll (17.7m x 3.Kni), is obvionsly 
wrong, and is iisually correcLed by etueuding ihe manusci ijii \S (Xlli) 
to read 42 (XIJI); 42ít is the equivalent of 28 cubits, anrl thus matches 
the wiillli qnoLed by Athenaeiis. VitriiviusX lengih of bdfi is 3fi sliort of 
Athenaeus’s 42 cubits, but this may also be a maimscripi erioi; 

I'he machine ran on eight wheels, 4'/j cubits (I4l9m) high and 2 
cubils (0,S8m) thick, which, according to Viiruvius, coniprised ihree 
iayers, each 1 ft thick, pegged logetlier with dowels and fastened 
with iron hands. (Here agaiii, Vítrnviiis uses the word lamminae,) 
Unfortunately, as with ihat olhei eighUwheeled machine, the ¡idepoUs 
of Epimachiis, we are iiot told the corifiguralion ol the wheels, bul 
positioning thcm foiir abreast wonld distribute the massive weight oí 
die machine more evenly. Also, a machine buill to Athenaeus’s 
dimensions and following the principies of the diich-íllling tortoise 
wonld have rested np<ín an nndcrcarnage some 16 cubils (7J6m) 
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sfjiuirr; coiiscqiiciuly, tfit-re vvould uot have space for íour in-liiie 
wheels, and thcy niust liave hecii arranged Umr aljreast. 

(áke tile ditciidilling Lurtüiíie, Ule raiii-U)rtoÍJ?:e vvoiild ha%'e liad a 
hipped roo! meeting at ihe üip iii a transverse lidge. Tlie wliole machine 
cfHikl ílien he boarded over and cove red with a fireprooí layen As 
vvitli Díades's rani-toi loise, Lilis stylc oí consti iieLion resulled in a 'niiddle 
tloor' ( fíiesf stegfJ, f>r media ron I abula lio), whitii lias eaiised sncli ccin fusión 
ainongst Uiose atiempíing to reconstniet ttie machines. In tlie rase ol 
Hegetor^s tollo i se, ihis second sturey liad íluur space of lí> enhits 
í7.10in) sqnure, and headrooin of 8 enhics (3.55ni) np Lo ílie roof ridge. 
Adieiiaeiis says thai il accommodated an artillery [losition (beiosfasm), 
and ViU’iiviiis explains Lhal scoipioiis and caiapuhs vvere located Lhere. 
FirstIv, this contrasts witli Diades's versión, where the artillery occupied 
a tinee-storev lurreu rising above llie iniddie floor; and secondl>; it 
iniplies Lliai tliere vvere Windows throngli vvhicti tlie caLapnlls conld Fne. 
This seems an altogether more practical arrangemeni lliaii Diades's 
rallier Iragile and cratnped tiuTet. 

Buí even though ! legetor deployed the rieeessary snpporLing 
artillery in the middie lloon he did not entiiely dis|>ense with a central 
üirreL. According tu hoih Aihenaens and Vitniviiis, the working of 
the rarn somehow depended ii]Jon a frame, whicli rose through ihe 
middie lloor to projeci some 4m ahove the roof ridge, and incorptíraTed 
a crow's-nesi at ihe top. 

The potenrial ñrepower oí the Lortoise can be esiiniated by 
camjiaring the middie floor area witli the space reqnircments oí small- 
to itietlituiesi/ed catapuits, bul both the slojiíiig [>enthouse cunstrut tioii 
and the limber iiprights of ihe tur re t ninst be lakeii iiilo accotnit. 
l he firsi woiild have íiniited the nseable area lo ihe vcry middie of the 
llooi; and ihe secontl divided this area across tfie middie. 11 le rear 
was best reserved for ladders, allowiiig the crew to move froin ihe under- 
caniage iip ¡uto the Hirret, leaving jiist eiioiigh space in froiit (aroimcl 
3.7in wide by ^2.7m deep) for three S-spaii arrow-ílrers, side by side. 

The construction oí the nirret is not explained and we iniisf resort 
lo conjcciiire. d he sonrees mention foiir robnst, 2^Tciibit { NI.64m) 
uprigliLs, and aiiuLlier two ■Hkcnhii (iS.Sm) nprigliLs. Ihe laLier paii’ 
snppoi ted a device consisting of two ixillers, sitring side by sitie. In the 
words oí \ itruvius, dhe ropes wbich he Id back the ram were fastened 


In assaults on marítime foiiift- 
cations, large warships were 
often l3shed togetfier in pairs 
to carry siege machines. Polybius 
describes how the Remana 
attempted te use mechanicai 
assault-ladders (sambucae) like 
this al Syracuse^ but were pre- 
vented from approaching the 
waNs by Archimedes' artillery. 

In 83 BC, a similar machine 
collapsed during an attack on 
Rhodes by Míthrídates of 
Pon tu 5. (Author’s drawíng) 
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Oamios's sambuca. The 
marvuscript Mlustration, dating 
to the 11th/t 2th century, was 
probably not based on Bitcn’s 
original diagram, but was a later 
attempt lo make sense of his 
text. (C. Wescher, Po/íorcéí/qt/e 
des Grecs, París 1867) 



Liroitíid diese [rollersT. llowever, this is not die ram-holdei iiselí 
{kriodofhé, or anelrma marhina)*, dial conipunenl, as Ijnih aiitliors 
explain, lay somevvhere in froni of rhe (iouble rollers. Iii addilioii, 
vvliereas Diades's balieriti^ rant seems to have rested upon the lani- 
holder, Hegetor's rain was suspended hi the iindrlle by a diick liaiik 
í>í ropos. 

The (kaiiian scliolar Olio L.endle has devised the niost plausiíile 
intcrpretatioii of ihís enigniatic simciure. Ihe raiii-holder, being die 
suspensión point for the ramming-beann wonld have l>een centralh 
located in oifler Lo distribuie tlie weighl inost efticiently, and Lendie 
fixes it between the fonr u]>rights of tlie turret. At ti lis point, títere 
wuuld fia\e lieen less thaii 2m clcarance ah<we the roof ol tlie Loi toise, 
so tile suspension-tackle ninsi have been relatively slvnrt, to prcvent 
tíie rainming-beam froni snagging orí ilie roof ridge, 

ll lias been conjeciured thai the ropcs rnniiing from ihe rollers 
were in some way insti Límenla) in akering die height ol ihe rain head, 
and indeed both Aíhenaens and Vitruvius suggesL tiiat die eneniy 
vvail could be battered np to a height of 70 ciibits (31 ni). Tbis is an 
extraordinary elaiin, given ihat ihe batíering lam was siisyjeiided only 
aboiU 2b rnhits {ll.5ni) abovc ground. In any case, 70 enbils greatly 
exceeds ihe nsiial raiige of fortification hcights; even operating 
horizontally, tbe beani woukl have been higher ihan rnost town walls. 
Sadly, neither aiithor gives any idea of bow the baile ring rain was 
operaied. Fbe neeessary penduhini inotion wonkl have required 
sonie nieans of piilling die beain backwards, and diere were perhaps 
several ropes attached to its rear end, to be pnlled by hanling crews un 
the ground. Furlbermore, the length of tlie beam's suspensión would 
have restricied it to short lilows. It is not clear how successínl this 
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iiicLliocl vvuuid bíf ii the hfdm vvere sel at any angle othfi* Lliaii tbe 
hori/onrab and it imist be admitted ihai niany aspccts of Ilegetor’s 
i ani-KHlc)ise reinain a iiiystery. 


ANCILLARY MACHINES 


The siege lovvcr was an e^:pensive aheriiative ro the periis t>f the assanlt 
laddei\ Kngineers attein[iled lo strike a happy iiiediiini, bv flevisiiig a 
üiachiiie that itieurpurated ihe simpliclly ol ihe laílder, vvith tlie superior 
protet tion oi ihe sicge tower, and die ease of use nf (he ílving rlraw- 
briflge. riiree diííei eiit sohuions emerged. 

The ^seesaw’ 

Atheiiaeus meiitions a contrapLion {tm'fhaNfína) designed bv (desibiiis 
of Alexandria. príilxiblv vvorking aroiind 270 B(- iindei’ the patroiiage of 
htolerm II rhiladelphus. lie notes, sonicwhaT untlatteringly, tliat it has 
no praciical valué, l>iu that tlie eiigiiieer deserves our achiiiraLion íor bis 
ingeiiuiLy. In essence, a four’vvlieeled wagón su[>ponefl an upi ight fraine 
wiih a tilting riieelianism al the lop, Auached to this niechanism al ils 
niid-poini was a eoiiipt>iieiiL lliat Allieiiaeus calis ihe ’pH^^ (syrín:)^ : the 
presence of a door al its far eud siiggests a kimi oí etnered gangway. 
Athenaeus explains that, wlieii soldiers walked aiong ihis gangwav ihev 
upsei its l)alan€eT Hke a seesaw. (deaily, unce ihe maehine was wheeled 
into position. ihose inside (for it wt)uld lake more thaii one man ro 
(Vnelv aher ihe balance) vvould lower the end onto the enemv wall, throw 
upen tile door; and emerge ílgliLing. 

The sambuca 

The iiiust lamous examples oí the sfimbura (oi samM'hT} weie monnted 
on board shi|)s, where ihey resemhled giant laddered diawbridges íor 
iransieiring marines omt> the sea walls oí coasial unvns. lluwevei; the 
smnbuía that Bitoii atuibiues u> Dainios, an cubeiavise imknown 
engineerfrom Koloplvon in presem-day Furkey; is quíte diflereni. First, 
ii was desigiied íor use on laúd, and secíHid, il uiilisetl an innovative 
vertical screw to alter the elevation of the ladder 

The shape of Damios's machine has engendered a rerlain amoimi of 
conLroversy. Biton says that the samhiua itsell, a 60fl {18m) laddei“ vdth aii 
iissault plaiibnn al one end and a eoimienveigiu at the othei; sat on a 
tresile' ikiUibas}; rhe trestie was fixed to a 27ft (Hm) iindereaniage, 
ectuipped with 5íi-high (O-Oin) wheels. The vagutaiess tjf die description luis 
given scholars aiiijile room to inílulge tlieir imaginahíms, bul Maimlen’s 
model, consísiing of a single beam supporting a rail upright, would have 
been lat loo precarious íor practical use. Sehrauim’s wifle, rectangular 
undercaniage would liave given more stabilily, but be mistakenlv desigiied 
the ladder as a single bt^am with mngs projeeting on either side. 

Biton s ladder clearly has sidewalls, \so dial the uieii climiiing u|) 
will make the asceni conndentlyy and a widened jumping-off arca at 
the tufj. In tacL, il probahly lesemhled the shipboard \'ersion, deseribed 
bv tbe historial 1 Polybius iii tire 2ud ceiuury BC-. He says that *a ladder 
is prepared, Ift (1.2m) wide, in snch a way that il rea ches the wall frorn 
its position; eacli sicle is fenced and covered with a high breastwork ... 
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The dítch-fillmg torteise 

























The sambuca 



m 
















The helepolis oí Epímachus 















D: THE RAM-TORTOISE OF HEGETOR 


KEY 


1 Observa! i 00 Post. Vitruvfus explains 
that two men should be posted here. 
lo waich oui íof enemy activity: 
Athenaeus is chiefly con cerned with 
incoming fire. 

2 Rolters. The ropes perhaps altered the 
hetght of the ram head, although 
Athenaeus and Vitruvius boíh claim thal 


they were lo 'hold back' the ramming- 
beam. perhaps prior to swingtng it 
forward. 






: .Vfí 







3 Ram-holder, The design is hypotheticali 
as neither author gives a deschption. 

4 Turret structure. Designed to süpport 
the ram-holder and take the weight of 
the ramming-beam. 

5 Middie floor, Both Athenaeus and 
Vitruvius indícate its purpose as an 
artillery Joft. 

6 Hípped roof. Boarded, padded and fire- 
proofed, the shelter was designed to 
minimise impact damage. 

7 Undercarriage, The ^grid-iron' design 
permitled men to push against the 
transverse timbers to set the machine 
in moíion. 

8 Wheeis, The three-ply construction, 
with each píate comprising four 
dovetailed pieces. braced by ¡ron 
bands, ensured máximum strength. 
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Román battering ram 




































De Folard's reconstructíon of 
the defence of Syracuse against 
the Rqmans in 214 BC, 
showing the toifeno devised 
by Archimedes, the mathe- 
maticían and engineer, 

(Author's collection) 


al ihc Líjp oí lile ladclcr h a plattonii, proiectt'd bv wickn wnrk o\i Ehix'r 
sidt^s. Olí wiiic li fbiir iiioii art‘ slatioiiotl/ li íícrnis likcl) tíiat Daiiiios’s 
assaiilt platform had similar protc^rtion; vvitli rlic iiiat liiiir al its aríinn 
statioii, ihe wicker were iviiiowd and iho iiicii i iislicd nuL 

Unlike the sliipboaid veisif>ii, Damios's ladder liad, ai lile rear, a 
dft-lon^ (l.Hni) k^ad-íilled box. Schramm was uiisiirr ot il.s pnijiose* hni 
Marsdeii assimieci dial ihis tomiierweij^lii vvas iiileiitled u> balance lile 
marliine like a seesaw; conseqiiendy, he added a hoii/onial jjivoi, lixed 
U) lile tresde, Dracbmann, vvbn proncrunced \hv whole tbing 'an 
armehair invenuon’, highliglited llie absurdiiy oí this arrangtaiuaiu bul 
ralher diaii quesíion Marsdeii's iiiterprcaalion, he denounced Biíon's 
Work as a shaiii. 

Oí'eoiirse, the ladder was iiever inUMidc:d lo rock like a seesaw. Oii 
the coiUraiT, its iiioveiiienT was regiilated by a Infi (4.5ni) wriical serew, 
niiining up ihrough ihe tresde to a conipíinent cabed ihe íastener’ 
{kaiakleis). Biion is a Hule vague oii die workings ol ihese elenienis, liiit 
the ladder, horizontal av rt'si, was |irobablv hingc'd to the rt'ar oí ihe 
Hasieiierh the serenv would ihen elevare ilie Iroiil oí the laddei; íine- 
Luning die height of llie assault-piailornh 1 he counUawcHght played 
no pan in ibis operaiion, Íhü vvas required to presene íhc' inachiiK 's 
slaliility. Scliraiiiin and Marsdeii l>olh assinned thai the ladíler projected 
1)) at k;asl ÍOÍi {I2in); in thai case% ilie shori eiid would liave needed 
ballast of a round 2 ton lies to offset thí' weighí of an assaull uuil (ú 
perhaps eighl or leu soldiers on the forward platíorin. 


The tofteno 

A siinpler device, einpkwed by besiegers and liesieged alike, eonsisted oí a 
loiig, iiori/ontal lever with a hinge in the middlej h\ whií h il was fasteiual 
ro the top oí an iiprighl (imlier; when tme end was pulled down, the other 
end swung up, 1 he besieged liad ampie scope lo adapt suc h a de\iee íoi 
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The ancient sourcés mention 
defenders using grapnels or 
iron ha^ds^ lor eñsnaring men 
and siege mactiin&ry. Diades ís 
credited with the invention 
of one ol thesÉt the corvus 
demoíitor or 'demolition raven\ 
imagínatively reconstructed he re 
by de Folard. (Author’s celleetion) 


disruplíng ¡iie aclivities ol ihc bcsiegei“s, tñüicr by caicliiiig cquipiiirnt with 

ii hook ni j^rab, f>T by tln jppirig lica\y' wciglits oiitn iiiachineiy Ai SyniL use 

iii 2\ í B(-, Art hiniedcs used ilie cic\ice u> ¡erk the Rniiian hesiegers' ships 
our of the water, and at Creinoiia iu Al) ()9 tlic defeiiders snatrlied 
indiviflual comhatantíí and swiing tbern over the towii wall Lu be deali wiüi 
iusíde. In 429 BC’., the liesieged Plataeans nsed a íiiinilar inachine (tlie 
historian Thncydides calis Íl a hmii/u Aaixhann') to chop heavy beains onto 
ihe S|>artan batid ing rains, in an attenipt lo snap off the rain lieads; llie 
Ainbracians einpkwed the same taeíir in 1H9 B(^, 

An inieresting variant íbr use by besiegers is deseribed by Vegedus in íiis 
Sumimin oj míHídíj U^fnes (í'lñioma tri miUfans); although writien in the latei- 
4th or earlv-5ih ceiuui v AD, Llie iníottnaiion on siegecralt is ihonght to 
have bcen lifted íroni a lost lactical manual { Ihiiim) liy the Ist-ceiUiny 
vvríLer Frontiniis. In Vegctins's lolMio, one end ot lite crossbeani is 
et]ui[>|jed with a wickerwork bLLskei, large enougli lo acconunodate a few 
soldieis. VMth the upright jilanted near the eiieiny wall, ihe baskei ol 
soldieis cuiiid be swung np onto ilie batllemcMits in a vvorkable, if ralbei 
[>e t i 1 o u s, m an (>e 11 vrt í . 

ROMAN MACHINES 


VVilh regareis to siege warfare, and therefore siego machines, Román 
armies initiallv took a radier diflereiiL Lack henn their llellentsitc 
neighhonrs. They favonred ihe stoniiing cscalade, unsupported by 
heavv maehineiy, as shown by tfieir siege of the Saninite towm oíSilvium 
in :40() B(A at ihe same lime, üemetiius i\)iioiceies was terrorising 
the eastern Meditenanean witli bis formidahlcí hfé^püim. No donliU 
Román acquaintance with (iardiaginian prartice during lite Ptinic 
Wars of the later-Srd cenimw BC, and wílIi the operalions oí' Idiilip V 
ol Macedón dnring the carly-2nd cenniry BC, denionstí aied the 
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Many Román siogos involved 
the uae of án earthen ramp to 
carry man and machines up 
to battiement JeveL Lines of 
sheds protected the workers. 
(Author*s drawing} 


visefulness of the siepfc tower and the hattenn^ rain. Nevertheless, a niín e 
pragniatic ajjproacli wá^ adopted. 

Sheds and shelters 

Kroin aroiind 200 B(! onwards, Román beííiegers oiten deait vvlili iineven 
tenain and sophisticated outei defeiices sinijíly In l>iiiying ilieni 
beiieatli a wide eTTibaiikiiient In many cases, rfns necessitak'd 

piliiig up toimes oí earlli and rubble* beginniiig sume disuince Ifum the 
lowii and gradiially moving eloser; the larger embankmeius reíjuired 
timher shoring at tlie sides. Al Avaiiñini in 52 ( .aesar was oíiliged 

to build an HOít (25,7iii) higli, as tlie Ujvvii was situated tJii high 

groiind amid impassable niarshlanfl. The emljankment's widih oí 
350ít (07ihn) aniply accommodaied tíie twí> sit^ge rowers rfiai ga\e the 
itien covering íire during tíie cunsliaiciíuii [>hase, biii ii was primal ilv 
designed lo fáciliiaie a mass intamry assauh on ilie baiilemenis. 

Sucíi large-scale eanÍMnoving oijemiions called Íor a diífereiil n 7 >e of 
protection lioin die Hellenisiie diteh-íilliiig turioises- (kings of soldiers, 
passing fjTusliwood an(i baskets of earili lorward, requiied límg coveied 
passageways, and tlie iiieii working al the front neederl io be screened 
Ifoni die deí’eiideis on the Lowii walL llie Kornans ohen employed a 
shelter called ihe xñupa, which Vt^getiiis deseiibt's ¿ls a iighl límber stnicmre, 
opeiM'iidefl wiih wickenvork sides, a Ijoardecl i^uof, aiul a fueproí)! 
covering ofrawhide. Airanged end-loend lo ídiin loiig eorridois, lliese are 
perhaps tlic deviccs whicb Clacsar calis ‘opeo niniicls’ (nínífuli /ifMrtí). 

Men emergíiig íroin ihese corridors reqnired íioiital |>rotectioíi, 
wíiieít was probably provided by the ¡duíms, a large convex wiekei’ síiield 
wiili an an hed roof, Vegetius claims ihat iís rrianguiar ba.s(’ sal on thtee 
vvheels, bnt such a basie device cannot have been lieaw and imist 
easily have been manhanclled iiiLo positiím. Othei shelters weac' no 
donbt iniprovised out of wicker and rawhide lo snit fhe occasion. 

The i^mmand, lo a lessei’ extent, the ¡jíulrits, were vinually nhiquitoiis 
in Román siegecrafi, owTiig tf) ihe fací thar they weie so useltil in 
consi niel ion work. A third shehen íhe mu\r}iÍH\ appearecl more rarelv, 
Vegetius describes it as a small tnacfnne, reminisceiit of ilie 1 lellentsiic 
ditch-niling lortoise in íls role of protecting men as they broughl 
lorward huilding mate riáis. I línvevet; he is snrely inistaken. Frorii 
(Aiesar's descripiíoii of the mim ufmiw actitm dtu ing the siege ol Massilia 
in 49 BCk ii is clear ihai it was an enormously níbusi gallery consinií ted 
wíieii the standard Ty¿/ín;cand pluíp/ íkiled to staiul up lo ihc delendei crs’ 
formidable arüllerw The extra [trutection was ret]uiretl by men moving 
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The siége rámp at Masada 
represents an extraordinary 
súlution to a particular problem. 
It is likely thai a gentler gradient 
was usually preferred.^ 

(Author's Photo) 


up ro \hc eneiiiy vvall for iitnkanniniig work. lu oiher wt>rds, ÍL was 
\he Roiiiaii ta|uívalen( oíthc I Icllenísiic Vligging u>rtt>ist'\ 

Caesai ’s vursion was (>Ofi (i8111) loiig, 4ít (1 . 2 iti ) wide, atid 511 (l.r>ni) 
talK wiili a pitclital roof. It was liiiilt oui of’ 2íi-thk'k (0.6m) limhers, 
and cíwcií'cI with a f’ireproof laycr oí tiles and ciay, follí íwed liy 

a waterjjrool layei’ oí lawliide, tu íoil any aitenipís ai dissolving lile 
el ay. It was perhaps nnusual to m ubi 1 i se siicli a sinitlurc; at any rale, 
ihe deíenders were laken by surprise wlaen il was snddenly advanced to 
the Wall Olí sets oí roücrs noriiially iised u> Lransport sliips. Willi tile 
musrnlus in place ai rlie wal! fboi, ihe defenders were powtaless to 
prevenl the Ronians frnni iinderniining one oi the cin’s lowers. 

Aiiother speiialised type oí shelier is ineruioiied in a woi k eiiütled 
{ i'oliorhÑika), addresst^d to an uiinained Román emperor by the 
arcbileel-engiiieer, Apoll<jílorns olDainaseus. In a secnon on comhating 
objeets rolled fiownliiil by defenders who cuiinnaiid ihe hígb groiind, 
he Hkens die shelier lo the prow of a ship {erjiboloti). This concern 
with hilitop íoitií'ications adds weight lo the general siispicion ihat 
Apollod<írus was writing al llie time ol tlic enrperor Trajaids Second 
Dacían War (Al) 105/6), which appears to have eiided with the stonning 
oí native slrongholds. Ceitainly, he was responsible lor bnilding die 
íamous naniibe bridge íor tíiis canifiaign, and he writes in tile 
i^oiiorkél/ka oÍ liaving previously served at the empt'rí)r\ sicle, perliaps 
diiring tile First Dacían War (AD 101/2), 

Dtdenders ofien rolfeti down irec tí uiiks, heavüy laden wagons and 
weighted Ijarrels, lo disrupt the ranks oí the hesiegers. Apollodonis 
suggesls intercepting diese and cliannelllng lliem away by nieans oí 
nbliqne diieliesand reiníoreed pali.sades. Furiherrnore, he recommeiiíls 
ihat assaiill troops sbonid crowd iiiside 'the tonoise shaped like the 
prow oía ship’ íor prolection. lis Lriaiigülar sliape, wiih lieavily rein- 
lorced api^x íacing uphilK was dersigned lo deflect roüiiig objeets. 
Apparenilv rooíless, it was light enoiigh íor the soldíers to slide along 
like a sledge, aiiti was wedged in [losition by a slout piop. By gooil 
íortime, this scenario is illiistraied on IVajairs (k)lumn, in a secne tíiat 
has been consisiently misnndersiood, owing to the juxtaposition oí 
the shelters with the deíenders' tree trunks anrl baiiels. 
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The Román siege tower 

Agkiiii, Iroiii aroLiiicl 200 BCX Ruiiuin aniiifs mude incrccLsiiig use uf siege 
towcrs. On one of the earlicsí occasions, liovvevei; at the Circek lovvn tíf 
Atrax, their inexpericiice with lieavy niaciiiiieiT led Ur disastei; when a 
siege towei ídiindei’ed on a [K)()rh coinpaeied einbanknicni; oiie wheel 
herame stuck tn a mu ransing ihc machine ío list %iolenrly, and thv 
wliole enlet’prise was abandíHied. t.aier operalioiis werc condiicted 
more successíully. 

Vegetius gives a hrief bul comprehensive description nt tlie oiobile 
lovveu as ii migfu have a[)peareíi Íii ihe middsi ceiiniíy AD. lie Ix'giiis 
by eriipliasising tliau lur stabiÜty, dilferem heights of siege Lower 
required diitereni base dimensinns, and suggesis bases of'30fi (8.9in), 
4í)fi (jb8m)» and 50li (l4-8ni) square- Unloiümaiely, lie does noi 
ineniioii the correspoiidnig lieiglíUs, bm ihey woukl not have been 
excessive. Although ten-srorey siege rowers are recorded troni tlie time 
of'CJaesai; Lhe towers conslnicted thiring Roine’sJewLsh Wai varied IVom 
ihe aOft (14.8ni) examples al Jotapata in AD 67 to ihe aO-c ubil {22Mm) 
íHies at Jenisalem in Al> 70. In eacli case, iheir height was eaminensnraie 
wiih iheir ríde in providing siijj[}ressiiig l'n e Lo |jrotect the uieíi working 
on the emhankment. It is tnie that tlie Roinans used a 60-eiibit (26Jim) 
machine to assault Masada in Ai) 78, bul rliis was necessitaied hy 
the local topography. Bv and large, il is clear tliai, by the mid-lsl ceiiHiry 
AD, the giiiding principie t)f’ militan- engineeriiig was funciionality, Íii 
place oi the nelleiiistic fascínaiioii wiih awesome si/e. 

Vegetius mentioiis LÍtree distinct levels in bis towei; huí iniermediate 
siages woiild have been inserted according lo ibe desired height. At 
ground leve!, in an iiiiusiial departure honi tíre i lellenistic design biit 
emirely in keepiiig vvilh Roiiiaii pragmatisiiu ít was eqiiipped with a !iat- 
tering ram. In the middle, il carried a hoarding-bndge (í^xosím), ‘made 
trom iwo beams and íenced with wickeíWoikA And ai ihe lop, it incor¬ 
pora led a figliiing platJbiin íor speaiaiieri and arcliers* whuse lask was 
to provitle covering ñie, Unfortunately, the undercairiage is not 
desenbed, bul VegeOus's reíerence lo bnaiiy wheels’ snggests that íhere 
were more iban ilie basic four, ihough we can only guess ai iheii si/e 
and disposition. 


Román vinea. This Hth-conturv 
manuscript illustrátion shows 
Apollodorus^s versión of the 
shelter, vvhich he compares to 
a vineyard trellis, because of the 
upright posts. (Vat- Gr. 1606 
fol. 8; © Biblioteca Apostólica 
Vatio ana/Vati can) 

















a dí^íence agaiiisl ih\\ tht‘ ciilíre siniriuiT 
wa¡s í’lad in rawhick' aiul layers of lags; tlie rags 
would snrely havr been inllaminablL', unless 
tf^ey werc stullt'd í>eiiLlalli the- rawliide to Unm 
a ciishioni'd layer. Vcgctiiis a<ÍvLst's L lióse 
í>[>[>osüig a sit'gf irnvri’ to sttip oíT the rawhide, 
whereiipoii the machine vvotild he vulnerable to 
hurning: if rhis cannot he accoinjjlished, he says, 
the deíendeis rmisi erisure tliat their inreiuiiarv 
uiissiien [>ieree the fheprool layer. it vvas probably 
ro eounier this risk iliat, during Rome’s Jevvish 
W’ar (AD IRí- 73), ihe siege lowers were ciad vvith 
iron |)lales; the weiglu penalty iinist have heeii 
offset hy ihe beneíir of intrea.sed [iroteetion. 

Eiigineers inav nol always have been niindtul of 
tlie extra stress that heavy eladding iitiposed un 
the Iramework, ¡udgiug t>y the spontaneoiis 
eollapse of oive of ihe siege towers ai Jenisaleiti 
in AD 7(k 

As Íaí as the boarding-biídge is roiieerntxl, 

Vegetiiis calis ii a 'bridge (pons) ... vvhicli ihe 
sol dita s fix bem een ihe siege lowei and the walL 
vvlitm it is sudderilv extended: using it to eonie out 
oí ihe iiiacliine, ihey eross over inio the town and 
ornipy rhe walls/ Ir was evidently [)ushed Ibi wards, 
hnt no efíiisirurtion details exist, Wickerwork 
lenring no duubt extended along eaeh side. as niurli to |)reveiil the 
soldiers froni íalling off as to give theiii a uiodicum of proieeiion. It would 
have been inipíuiant for suc h a hridge ro ht' at llic precise heighi of the 
enemv hatileiiieiils, so thai the sokiieis woiikl iiot have lo negotiate an 
II 11 fa\ í > i i ra ble g rat 1 i t' 11 1. 

Vegétius also iiieiitions the samhum as an alternaiive lorm of 
t>oarding’hridge. Tliis deviee, he says, is so nanied Ifoin its sinhlanty to 
a liarp, for ;¡usi as ihere are strings on a barj), so oii a beain which is 
attaehed to die siege lowei; there are ropes vvhirh knver a hiidge froni 
above bv means ol ptilleys, so that it tlescends to ihc walh and immed- 
iately the soldiers eome out of tlu' Hnvei and, using ii to cross ovet; they 
invatle the Inwn walls'. fhis is similar lo the shipboard samhtira that 
diffeied subsianiially fioin Datuios s wheeled vetsion. 

FinalK; Vegelius briefly describes the iinusual stratageui oí ineoipt)- 
tating vviihiii the tt>wer a eoucealed rnrret, vvliich con Id snddenlv !>e 
ht>isted iuto pt>s¡lion using ropes antl pulleys, if the defenders maiiaged 
to lieighteii their walls. If this is anything more than a ílighi of faney, 
the turrei inust have been oí l allier less substautial consiniction than the 
parenl lower in order Lo be easil)' winched into place. 


illustration of Apúllodorus's 
ship's-prow tórtciise, showing 
the es^ocieted ditch and 
patisade running off at an angte 
to defleot any rolling objeets. 
(Vat. Gr. 1605 fot. 6; © Biblioteca 
Apostólica Vaticana/Vatican) 


The siege tower of Apollodorus 

The siege tower described hy Trajan s eiigineer Apollodorus demoiistrales 
a more basic design, perhaps tailored to particular circunistances where 
wood vvas ¡11 shoii supplv, llis instruetioiis proceed point by point, and 
were apparendy delivered to the eiiiperor by a u ained apprentice vvlu> vvas 
familiar wilh bis master’s machines. 
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Scsne of a siege from 1Vajan*5 
Column (Rome). The defender» 
roll barréis and tree trunks 
downhill {top right), but three 
peculiar machines intercept 
them. Lendie made the astute 
observation thai these are 
likely to represent Apollodorus's 
ship’s-prow lortoises. 

(Author’s colleotlon) 



ApollcHluriis bciíins by rcc:t.>nHiieiuÍin^ ihai, Ibr sai’ciy. ihf tTertiñn of 
llir siogc Lowt-r bt: cairicd uut at soiiie (iisianci: íioin üit^ taitrniy wall^i. 
This rcaliy ^oos wTihout saying; it was, aíter all, iht* principal reason íbr 
íVirnisliing ihc vaiions iiiacliities vvith wlieels, and as such wiil have heeii 
comitioii practice, Oii llit^ othta haiid, ¡L was deilniltiy iiot cujiiinoii 
practicc lora niilitaiT en^inocr to rcstnit liiniseit to shon iK'aiTi-lniglhs, 
bul Apüllodorus’s cliief c:oiM:t^iii is tlic rcadv siijíply of mate riáis; lie 
proudly aniiovinces lliat, by rollowing bis instmciions, iising í’cw and 
sil orí timben s, a large lovvcn’ is raiseni, equal iu hriglil to íhe walT. 

líuleed, lile luugesi timbéis vvere onlv I6lt (4.7m) loiig and l'/iíl 
(Bvem) vvide by 1 span {22rm) thick. Tlie four córner npiigliis oí the 
tower \veí‘e irijíle íínckness, and rnnvrrgcnl gradnally trnvards the top. 
The base consisted ol Uvo pairs oí [>aralltn joisLs. vvitli lile vvheels íixed 
hc'tween eacii pair. llnfoi tunately, Apollodonis does not elabórate un 
lilis, bm diere vvonid bave beeii ampie spare lor nvo wbecis per side, 
around 2VTl (74crn) in diainetei; eaeb on its uwn sliort axle. 

Once it W'as biiilt, the entirc^ struc tiire was hoarded over with plaiiks. 
Apollodorus íiist snggesLs ihat raw- bidés should be lt>osely huiigall around 

10 iiUercept iihssiles; he then recoininends ibat ihe |ilanks be íaslened w'ilíi 
broaddieaded naíls and covered wirh a tliicT layer oí el ay, a metliod ol llre- 
prouling lound on olhei’ niac hincas, l^riter, aiinosl as an arrertbonghl, he 
recominends a priniilive llrebose device callcnl ihe siphófu consisiing oíOx 
intestines attached ío leather sac'ks oíW^iter; rbenn tnic ally; in the eveiit ot 

11 re, sc|iK‘e/ing die sacks woiild cause vvaier lo spray ont. 

The to|> sTorey reinained opini to ihe elemeuLs, bul was [irovided with 
a parapen ol hoarding. The rower's pnrpose, as a protected stairc asc, was 
achieved by an internal system ol ladders leading lo a top-storey draw- 
bi idge of ingeiiioiis design. I íinged al ihe (loor, it.s side-beanis were 2í)lí 
(5,9ni) long, hnt the drawbridge itscifWas solid for only a qnarter oí thai; 
rile leniainder was an open iraiiie, like a window, I hí^ rt^sull was thaU 
while in the iipright positiorn iv a[)[>eari‘d to be a continuation oí ihe 
lop storey parapei, fbrming as Apollodorus says 'a defence {pm/mhismaj 
lor tile íighters in the loweii Ihe diawbridge was o pe r a te d by ropes 
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Scene of a siége fróm th^ Arch 
qf S^ptiinius Sev^Tus (Home}. 

A siege tower witli prüjeciing 
battering ram can be seen at 
bottom left. (Fototeca Un i orí e, 
c/q American Academy in Home) 


froni thc córner uprigliLs, similar to Vegetiiis\s sambuca. VVhen 
thesc were releaseci, Llie clravvbrifli^e lowered and a system of rush 
niatiiug, sLrengtliened vvitli ligid crmspieces, vvas extended aeiuss die 
vmboarded sec tion, to creare a soHd In idge. 

Ajíollodorus's Lovver ]n ol:iably required only Uiree or foiir storeys to 
eiisure tíiat rhe drawbridge iay ai walldieiglit. Witít ils siiiall fooipiint 
and compact clesign, il is quite a differeiu mac hine ífoni ils Macedrmian 
forebears. Apidloduius ís perhaps mindínl ol tíie machioe's stahilit)^ 
vviien he reconnnends a specially levelled rutniitig surface: ‘if die 
ground nnderneatli is not smooth hiir has holloivs, vve shall construci a 
base {hypo(hfma) for llie lowei; vviili a similar arraiigemem [oí beams?] 
as ihe lovver, vvhieh evens out the sloj^e of Üie ground and inakes a level 
surface, on arcoinit of iis construction’. This tanialisingly briel semence 
may represeni A[)ollodorii.s's description of’the a^et\ or embanknieírn 
whieli liecanie almf>sT tlie liallmark of Román siegecraft . 

The Román rain-tortoise 

Fht^ batteiing í^am remaiiied tlie slaiidard üssanll vveapon tliroughoLit üie 
period. fhe geographer l-aiisanias, vvniing around Al) 150, |>ro\ides tiie 
inieresiiiig infdrmatlon ihat vvalls cít mutkbnck wilhslood battering inoie 
effectivelv iban sione vvalls. vvhose iiidmdiial bloeles teiuled Lo shaiLer or 
become dislodged, fbe same eff’ect is noted by Apollodonis, vvlio explains 
lliat hi’ick vvalls absorl) im[raeL, vvliereas battering shakes stone vvalls 
apart, Nevca’tlu'iess, bv Román times, the most comnion defences were cjí 
stone-íaced ruhble; demolislang ihe facing vvould eause the core lo rollapse, 

Naimallv, Apollodoius inchides a ram-turtoi.se in bis arsenal oí 
niaefiínes, flnvvt'ver, its four key design principies stand in siai k conii ast 
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10 lile |>hilosu|jliy til l>infles 
or He^etor. First, ihe sus¬ 
pensión ropes luid lo be 
long lo allovv ilic raiiiiniiig- 
beain a íull range of 
luoveinent and piíreluce a 
powerliil baueriiig actiuii: 
seroiicl, llie innoise liad to 
Ik^ coi n pac i ai id easy lo 

lliiíxl. llie sides liad U> 
skipe stre|)ly so rliat liea\y 
inissiles woiikl glance oít 
widioiji doing daniage; and 
íonnh. the rain head had ro 
be prolecled Iroiii abt>ve by 
a projecting rooí' 

I1ie desi gil oí iho 
lortuise was t tMtaiiiiy simple 
eiKJUglu lis I2fuwide (-báni) 

11 n (le rrar riage coi ii | iriscd 
Lw<í pairs ol joisLs. vvidi tlie 
vvhecis loí’ated beuveeii 
each paii; ¡ust like ilie siege 
lovver. Alíjug eatli oí Llie 
ontia' joisLs were íom raíters, 
vvliicli rose at a steep angle 
lo suppoii a ioiigimdinal 
riflge l>eann l’he rañers 
weii' liraeed lialí way iip by 
iiiienud iiprigíits, siliing 
on r[it‘ iiiner Joisis, and 
tbe wliole structuie was 

streiigtheriecl by Ixáiig boarded overwiili ’/dV-lhick {7cm) plaiiks. Diiring 
ihe raniming, Apollodorus reeonmiends that ílie underrarnage lie raised 
un wedges, to preveni ilie iiiacliiiie Jioiii rolliiig back witb eaeli bknv. 

1 he projccting roof was acliteved by makiiig ilie ridge beani longer 
iban die mide rea r riage beaiiis, Acrepting a leiigth of 24 lí (7m) íoi 
die undercan ¡age, as proposecl by ifie anoiiymous Bv/aruiiie, tbe ridge 
beam would tben measiirt^ perhaps ,HÍHi Í9ni) or ser Tliis would eertaiuly 
scjuare vvidi Apollodonis's staied aitri of nsiiig sliorl timbéis to fiesign 
easily transponed machines. 

Apollodorus siiggcsis diat The ramming-heam was hmig so ihai ihe 
íroiu end was longen wilh a lead weighi attaehed to the reai end lo 
resTore The balance; the resub, he claims, was incieased powei; as il’írom 
a fieavier beann Rope bindiiig is memioned. biiT oiily in tbe eoiiTexl oí 
coiisTnicting a eomposite beam írotn tvvo or linee shorier pieres. And, 
ín conTrast to The likes of Hegetorfs ranu ilie head was sloUeíI into Üie 
beam. and lastened by an i ron collar lo preve ni ílie wood from splinitig. 


h seeins lo have been conventioual lo east ilie i ron rani head as an 
elTig)^ of ihe actual aiiiniars head. Prool oí‘ ibis comes Irum a Iniel 
descriplion of ihe hattering ranis iised dming Ronic*'s Jewisli War (Al) 
6(3-7S). WViling a geneiaticm earlier ihan Apollodorus, ihe historian 
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Apollúdorus’s siege tower 
The practico af combining mere 
ihan one viewpeint in a single 
diagram Is evideni in thís 
11 th /12th-Gentu ry ma nusc rl pt 
illustratfon, wbere the two 
pairs of undercarriage jeists 
are showr> in plan view. (C. 
Wescher, Poiiorcétique des 
QrecSf Paris 1667) 


}osephus s'dys, ^iii iinmeristí beaiii, resciiibliiig úie iiiast uf a sbip, is 
capped at \hv íront by a rnass ol iron, modcllrd likc a ratn s head, fr<jm 
whicl) it lakes lis iiaiiif \ I1if laier liisiorian, Aniiidanus Marreiliniis, who 
likrwLse had first-liaiid expurieiice o\ i\w Román army at vvai; lilis lime 
in ihc üasiet n iheatrc of the AD gives a veiy similar dcscription: 'A 
tall ílr or iiiomuain asb is sclctLcd, lo llif end of wbicli is flxcd a loiig, 
hard iroii, manufaciured in ¡)n)minciu likeness of a l am, a shapo wliicli 
gives its ñame lo ibis mar bine.’ 

Alilioiigli bolh bistorians wiincssed tlie inacbine in artion, ibcy liad 
liide grasp of ils siructure, and may ncvfi have seeii lieneaili ihe ouier 
sbrcl. ]osrpbus vaguelv States tliat 'it is hutig by t opes in rhe middie, jusr 
like une oí the beains oí a balance, |and is] prop|>ed np by llrmly-basecl 
iipriglits on cach side'; elsewbere, be alindes Lo \vickervv(.)rk paiiels and 
lawbides proiecting tíre machine and its rrew. Amniiamis's versión is sini- 
ilarlv imclear: 'And so, suspended fVom naiisvcrse iix>n-bound beams, oii 
hotli sides, as if from a pair of scales, ii is beld íast by ropes fiom aiiothei 
beam/ josepluiss fretjneni relérences to tbe rnacliine as a hrhpolíx 
slioiild imi mislead us inio imagitiing sonieLliing along llie lines of 
Vegetiiis's combined tower and ram, ff>r tbere is iioi die slighlesi hini 
ihat lilis is anylbiiig fither iban a ram-tortoise. Similarly, ATTiiTiianiis\s 
hrlfpolh, whieb fbllows (iii írom Iris <iiscussion of llie baLteriiig ram, is 
clearlv a conbrsed desniption of a ram-tortoise, but bolh bistorians' 
acxíumts are lar too mudcllecl lo fbrm die hasis of a reconstrncrion. 

Bv good fon une, two rain-toi loises can be seen on one t>í ihc 
sculpnired panels of the Arch of Sepbinius Sevcriis, wfnch was erected 
iii AL) 203. Bolh de|)icl ihe sloping roof and iriangular cross section, 
chararteristic of the Román versión oí ibe machine, and Apollodonis’s 
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rccoiTirnenclatióii tluit a secnncl toríoLsc slioiild ídllow bchiiitl, to shclttT 
tlit’ raitiiniiig crcw, is iliusiraied by o\w oí ilie niacliines. 


CONCLUSION 


rhc same basic range oí machines remaiiied in use iliroughuiU ihe 
Rtnnan period, althoügh it is oíteii claimed, orí spurious grounds, Lhai 
staridards deelined, In lata, ihe siege nuu liintay olxserved oii tlie t^asieni 
írontier in the AD 3B0s by Ammianns Marcelliiins w<íuld have Ijeen 
rerognised and appreriated by Jiilins (^aesar fonr ccminies earlien Ban 
Le ring ranis vvere still used to sliakc vvalls; siege towers wcrc stiil nsed lo 
clevafe missile troops. 

I lowever, a major divergen re vvirli earlier Hellenistie siegerrali caiiie 
wilh die Román use oí the embankrnenl, or a^er. I bis [ilaced a difíereni 
rmjihasis on siege machinery, and ihere was no longei a need íoi Lhe 
giganlic lovvers t)íihe Macedonians. At the same lime, it is apjjarent ihat 
a more íuiictional rangc! oí slieds and sliehers was adopted, nol least to 
arcommodate ihc battering lams; tlie more íanciíul ch'vkes, surh as ilie 
samhiiffi, were userl onJv inírecjuenily. 

Nevei llieiess, altbongli Lite I íellenislie engineers liad lavonred 
gigantie si/e lo overawe iheii oppoiieiiLs, the same líasit arsenal oí 
maeliines was employed througíiout antiquity to ín to neiuralise or rir- 
ciimveiií enemy foriifkations. 
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COLOUR PLATE COMMENTARY 


A: THE DITCH-FILLING TORTOISE 

According to Athenaeus, the ditch-filling tortoise could be 
rolled sideways as well as backwards and forwards, probably 
by briefly raising each comer ¡n turn, and changing the 
ohentation of the axie. Without experimentatbn, ií is unclear 
how this was accomplished, but the large trame would have 
allowed a dozen or more men to congrégate around each 
wheel assemfaly and joántly take its weight, With the machine 
¡n position, there woutd have been ampie space in the interior 
for men to work unhindered, evening out depressions in the 
ground. The gap between the rafters and the ground wouid 
have been sufficient to aHow baskets of earth and rubble to 
be brought in at the rear, from where they could be dragged 
forward for the task of ditch-filling, 

The scene is based on the siege of Halicarnassus in 334 
BC, when Alexander was obliged to fill the newJy cut 13.5m 
wíde, 7m deep defensiva ditch, in order to bring up heavy 
machinery. The remains of the forlifications suggest that the 
curtain was a single-line, singíe^storey affain but not enough 
survives for an accurate picture Here^ the reconstruction is 
based on the deten ces of Paestum (I tai y), gen era i iy thought 
to have been buiit around 330 BC. The approximateiy 9m 
high waü is crowned by a el osed battiement with shuttered 
Windows, as a defence against escaiade. 

B: THE SAMBUCA 

Biton s description of Damios's sambuca is extremely concise. 
For the undercarriage, he simpiy gives beam dímensions of 3ft 
X 2ft X 27ft (0.9m X 0.6m X 8 m) and notes that the wheels were 
3ft (0.9m) high; here, a rectanguiar undercarriage with six 
wheeis is assumed. The maln component, a 60ft (I8m) ladder, 
was hinged to the rear of the trestie, which supporlad a cen¬ 
tral i y located vertical screw; the screw's function was to raise 
and bwer the main ladder. ft ís reasonabie to suppose that as 
much of the machine as possi ble was boarded in, in order to 
protect the crew. Biton specifies that the tresíle was 14ft 
(4.2m) high, whereas the screw was 15ft (4.5m) long; conse- 
quently, when fuliy turnad, it wouid project 1ft (0.3m) above 
the trestie. Assuming a forward projection of around 12m for 
the iadder, with the screw fuily turned, the assault piatform 
rose aimost 9m above ground levei. 

Maintaining the machinéis stability would have been a 
delicate task, With the main Iadder in its horizontal position, 
the vertical iadder at the front was perhaps to support the 
machine while the assauit team took up position on the 
forward piatform. Their presence there would have severely 
unbalanced the machine, so the counterweight at the rear 
must have been intended to restore its equilibrium, Oniy then 
would the main Iadder have been elevated and the machine 
rolied forward. 

C: THE HELEPQLiS OF EPIMACHUS 

With descriptions by four different ancient authors, this is the 
best known of ail siege machines, but some uncertainties 
remain, Diodorus claims that the machine could move 
sideways, but does not expiain the device that made this 
possibie. The method of propulsión remains conjecturai. 
According to Diodorus, 3,400 of the strongest men were 



Apollodorus’s siege tower was built up from short timbers. 
The base is 1@ft (4.7m) square. The 9ft (2.7m) uprights that 
suppúri the first stórey are doubled, with 16ft timbers sand- 
wiched in between for added strength. (Authqr’s drawing, 
foHowing Lendie's interpretation) 


employed, but there can only have been room for, at most, 
800 of them to push against the joists of the undercarriage at 
any one time, This seems inadequate to move such an 
immense machine, and the assistance of draught animáis 
has been postulated, in conjunction with pulleys anchored in 
the ground beneath the front of the hefepolis^ Of course, 
without experimentation, it is difficult to assess the practi¬ 
ca i iti es of moving such heavy machinery. 

This helepolis was used during Demetrius's siege of 
Rhodes in 304 BC, Although nothing has survived of the con- 
temporary town defences, which were subsequentiy rebuilt 
on severa i occasionSf they seem to have been relatively 
unsophisticated, The histórica i source, Diodorus, mentions 
neither outworks ñor ditch es, and the defensiva artiiiery 
consisted mainly of arrow-firers. It is reasonabie, then, to 
envisage the same kind of fortifications as are found at 4th- 
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century Messene, with 9m high battiemente and two-storey 
towers spaced at 100m intervaís. By contrasta the sheer 
scale of the hetepoiis is staggering. 

D: THE RAM-TORTOISE OF HEGETOR 

This machine ís the subject of by far the most detailed of 
Athenaeus's and Vitruvius’s descriptions, but doubts and 
misundersíandings have inspired a succession of aston- 
ishingJy vahed reconstructions tbrough the years, and 
several uncertainties remain. In essence, Hegetor's machine 
was a 10m-Ngh tortoise wsth a centrai turret, but the recon- 
struction of this key eiement is controversiai, The sources 
give a detai led description of the ranmning-beam itself, 
with rope reinforcement and rawhide covering. The beam 
was suspended from a rape eradle high up ín the turret, and 
stabilised by rawhide-covered chains, running around a pair 
of rollers. Unforlunateiy, the sources omit to explain how the 
battering ram actuaily worked. but they appear to suggest 
that ít couid be elevated and iowered. 

The use of the space above the internal compartmení 
as a middie fiood can be seen, and the depioyment of 
light artiliery there implies shuttered Windows in the frent 
of the tortoise. Positioned roughiy 9m above ground ievet. the 
catapuits would have enjoyed a superior vantage point for 
targeting the average battiements. 

E: ROMAN SHIP^S-PROW TORTOISE, WITH 
ASSOCIATED EARTHWORKS 

Apoüodorus opens his Pofforkétika with a scene of an assault 


Drawbridge on Apollodorus^^ siega túwer. The near-síde and 
rear boarding has been omitted for clarlty. (Author’s 
drawing, fellúwíng Lendfe’s interpretation) 


Mud-brick walls on top of masonry plinth at Gela (SicrlyJ, 
The unusual hoight of the plinth has led to the suggestion 
that an original stone vi/all was heightened by adding 
brickwork. (Nigel Pollard. Image courtesy of The Perseas 
Digital Libraiy, httpí// www, persous.tufts.edu) 
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Apollodorus’s ram-türicii^&j, ahowíng the internal 
arrangement of beams. (AutKor's drawlngr following 
Lendie's interpretation) 


on a hili town^ in which he emphasises that the bestegers 
musí guard agatnst heavy objects being rolled downhilL He 
Irsts, in particular, tree trunks, round boulders, heavily laden 
wagóns, and barrete filled with gravel or earth. First, he rec- 
ommends the dígging of 5ft (1.5m) deep ditches, running 
oblíquely downhtil; the spoíl from the ditches forms a 
rampart, to break the momentum of the objects, and the 
ditches are intended to channel them away from the main 
besieging forcé, waiting further downhill. Next, he explains 


that the men dtgging the ditches should be protected by a 
slanting paJisade tiñe, boarded over and interwoven with 
branches to form an ‘outwork’ iproteichísma), 

Finally, the key element in the scheme is the 'tortoise 
shaped like a ship’s prow\ Apoltodorus’s brief deschptíon 
suggests a veríical-stded, open-topped shelter with tri¬ 
angular ground plan, arranged so that the apex, facing uphill, 
would deflect rolling objects to either stde. Haré, it is 
assumed that the vulnerable tip would have been reinforced 
with iron pJating, and that the walls would have been suffi- 
dently htgh to conceal the soldiers crowded inside. 

The se ene is based on the siege of a hilitop stronghold 
that appears on Trajan’s Column and is perhaps intended to 
represent the Dacian capital, Sarmizegethusa. It has been 
assumed that the polygonal masonry of the murus Dacicus 
was surmounted by a timber breastwork, sections of which 
could easily be removed to allow heavy objects to be rolted 
down against Apollodorus's ship's-prow tortoises. 

F: ROMAN SIEGE TOWÉR WITH DRAWBR1DGE 

Nene of the historical accounts of Román siege towers 
actuaily describes the machines, except occasionally to 
record the height. However, the late Román writer Vegetíus 
preserves a description of a tower that he perhaps borrowed 
from' a lost work of the late-1 st century AD. Within the tower, 
three distínct leveis are specified: the lower level, housing a 
battering ram; the intermedíate level, supporting a boarding- 
bridge; and the upper level, accommodating mtssife troops. 

Of course, the number of individual storeys wouid have 
depended upon the des i red height of the tower. Here, a siege 
tower roughly 50ft [c 15m) tall is shown. necessitating four 
storeys. Ves p asían employed i ron-ciad towers of this height 
during his siege of Jotapata in AD 67; individual iron piafes 
were nailed onto the boarding. By contrast, Vegetíus rec- 
ommends a protective mattress of rawhide sfuffed with rags. 
Of the two different types of boarding-brídge that he 
mentions, the samJbuca-style drawbhdge is shown; this, he 
says, was lowered by ropes and pulleys from a beam that 
was fixed to the rear of the tower. This is only one of a 
number of educated guesses that are necessary: símilarly, 



Apollodorus^s ram-tort^isé. 
Although basícally correcta this 
11th/12th-century manuscript 
illustration does ríot foltow 
Apoilodorua’s Instructions 
closelVi presumably owíng to 
the copyist’s unfamilíarity with 
the machine. (C. Wescher, Potíor- 
cé fique des Gnecs^ Paria 1667) 
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ABOVE Scene of a siege from tKe Arch of Septímius 
Severus (Rome). The ram-tortoise (centre) ís followed by a 
second tortoisei lor the protection of the ramming crew. 
(Fototeca Unione, c/o American Academy in Rome} 


the disposifion of the wheeis, design of the battering ram 
framework, and the method of climbing from one síorey to 
the next are alt uncertain. 


BELOW Ladders provided the simplest means of assault, 
but aleo the most dangerouB, particularly if they feH short 
of the battiements. This Renaissance manuscript illu&tratíon 
depicts the lengthening of a iadder by means of a net, 
which ie then hooked over the battlements- In an emergency, 
ladders could be made of rope or leather, and Aeneas 
TacticuSf wiiting around 350 BC, recommends that, after 
nightfali, defenderá olimb over the wall^ using nets, In 
order to recover spent ammiinítion. (C. Wescher, Polior- 
úétique des Greca, París 1667) 


G: ROMAN BATTERING RAM 

Apollodorus's ram-tortoise is complately different from its 
Hellenistic precursors. A basically rectangular undercarriage, 
3.5m wide, supports a ridge beam some 7m above the 
ground: this results in a steeply sloping roof, designad to 
deflect the projectiles that the enemy habitually dropped 
from the battiement. A major threat to battering operations 
was presentad by millstones or stout timbers being thrown 
down onto the ramming-beam in order to snap off the head. 
To address this probiem, Apollodorus extends the hdge 
beam forwardSp carrying the roof of the tortoise over the 
ramming-beam, Nke a canopy, to protect it from above. Apol¬ 
lodorus s pee i fies 4-daktyl (7cm) thick planking, covered with 
a similar fhickness of clay mixed with hair; such a mixture 
stuck more readily to wickerwork, which ofíen formed an 
intermedíate iayer ovar a siege machinéis boarding, 

The scene is based on Septimius Severus’s second siege 
of Hatra (AD 199)^ a desert town in presenf-day Iraq, Severus 
allegedly breached the defenees, so it is likely that his troops 
had raised an embankment against the outer wall, but the 
main enceinte seems never to have been ¡n danger !n fact, 
the breach was repaired overnight, and a mutiny in his army 
torced Severus to withdraw. The historicai so urces preserve 
no details of Severus’s siege machinery, but a contemporary 
sculpture depiets a ram-tortotse broadly similar to Apol- 
lodorus’s modeJ, with a second tortoise positioned behind, 
no doubt to protect the ramming crew. 
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Siege machinery first appeared 
in the West during the 
Carthaginian invasión of Sicily 
10 the iate-5th century BC, in 
the form of siege towers and 
battering rams. Aíter a 50-year 
hiatus these weapons of war 
reappeared in the Macedonian 
armies of Philip II and 
Alexander the Great, a period 
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development in the Ancient 
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warfare with both the 
C'arthaginians during the later- 
3rd century BQ and Philip V of 
Macedón during the early-2nd 
century BC, finally pronipted 
the introduction of the siege 
tower and the battering ram to 
the Román arsenal. This títle 
traces the development and 
use of these weapons across 
this period. 
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